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  ﻣﻠﺨﺺ
ﻼت اﻟﺴﺎﺋﻠﺔ اﻟﺘﻲ ﺗﺨﺪم هﺬا اﻟﺒﺤﺚ ﺧﺼﺺ ﻟﺤﻞ ﻣﺸﻜﻠﺔ ﻣﺤﻄﺔ اﻟﺤﺎج ﻳﻮﺳﻒ اﻟﺠﺪﻳﺪة ﻟﻤﻌﺎﻟﺠﺔ اﻟﻔﻀ
  اﻟﻤﻨﻄﻘﺔ اﻟﺼﻨﺎﻋﻴﺔ ﺷﻤﺎل اﻟﺨﺮﻃﻮم ﺑﺤﺮي آﻤﺎ ﻣﻘﺘﺮح آﺬﻟﻚ أن ﺗﺨﺪم اﻟﻤﻨﻄﻘﺔ اﻟﺴﻜﻨﻴﺔ ﺑﻤﻨﻄﻘﺔ اﻟﺨﺮﻃﻮم ﺑﺤﺮى
ﻣﻦ ﺧﻼل اﻟﺰﻳﺎرات اﻟﻤﻴﺪاﻧﻴَﺔ؛ اﻟﻤﻘﺎﺑﻼت اﻟﺸﺨﺼﻴﺔ؛ و ﻣﺮاﺟﻌﺔ اﻟﻤﺴﺘﻨﺪات و اﻟﺮﺳﻮﻣﺎت اﻟﺨﺎﺻﺔ 
 ﻣﻦ ﻃﺎﻗﺘﻬﺎ و آﻨﺘﻴﺠﺔ ﻟﺬﻟﻚ ﻓﺎن ﻧﻮﻋﻴﺔ اﻟﻤﻴﺎﻩ ﺑﺎﻟﻤﺤﻄﺔ؛ ﻓﺈن ﻣﺤﻄﺔ اﻟﺤﺎج ﻳﻮﺳﻒ اﻟﺠﺪﻳﺪة ﻳﺘﻮﻗﻊ ان ﺗﺤﻤﻞ أآﺜﺮ
ﻓﻘﺪ ُﺻﻤﻤﺖ اﻟﻤﺤﻄﺔ اﻟﺠﺪﻳﺪة ﻟﻤﻌﺎﻟﺠﺔ ﻣﻴﺎﻩ ﻓﻀﻼت ﺗﺤﺘﻮي ﻋﻠﻲ  أوآﺴﺠﻴﻦ ﺣﻴﻮي . اﻟﻤﻌﺎﻟﺠﺔ ﺳﺘﻜﻮن ﻏﻴﺮ اﻟﻤﻄﻠﻮﺑﺔ 
 ﻟﺘﺮ و وﻣﺘﻮﺳﻂ ⁄ ﻣﻞ ﺟﻢ003و ﻣﻮاد ﻋﺎﻟﻘﺔ ﺗﺴﺎوي ﻟﺘﺮ ⁄  ﻣﻞ ﺟﻢ003 ﻣﻄﻠﻮب ﻷآﺴﺪة اﻟﻤﻮاد اﻟﻌﻀﻮﻳﺔ ﺗﺴﺎوي
و ﻣﻮاد ﻟﺘﺮ ⁄  ﺟﻢ ﻣﻞ0051ﻳﻮم ﺑﻴﻨﻤﺎ اﻷوآﺴﺠﻴﻦ اﻟﺤﻴﻮي اﻟﻤﻄﻠﻮب اﻟﺤﻘﻴﻘﻲ ﻳﺴﺎوي  ⁄ 3 ﻣﺘﺮ00004ﺟﺮﻳﺎن ﻳﺴﺎوي 
ﻣﻴﺎﻩ اﻟﻔﻀﻼت اﻟﻤﻌﺎﻟﺠﺔ ﻳﺠﺐ أن ﺗﺤﺘﻮي . ﻳﻮم  ⁄ 3 ﻣﺘﺮ00004وﻣﺘﻮﺳﻂ ﺟﺮﻳﺎن  ﻟﺘﺮ⁄  ﻣﻞ ﺟﻢ4.617 ﻋﺎﻟﻘﺔ ﺗﺴﺎوي
ﺬﻟﻚ آﻤﺎ ﻳﻮﺻﻲ ﺑﻟﺘﺮ ⁄ ﺟﻢ  ﻣﻞ03 ﻋﺎﻟﻘﺔ ﺗﺴﺎوي  و ﻣﻮادﻟﺘﺮ ⁄  ﻣﻞ ﺟﻢ02ﻋﻠﻲ أوآﺴﺠﻴﻦ ﺣﻴﻮي ﻣﻄﻠﻮب ﻳﺴﺎوي 
ﻟﺬﻟﻚ ﻓﺈن ﻣﺤﻄﺔ اﻟﺤﺎج ﻳﻮﺳﻒ ﻳﺠﺐ أن ﺗﺠﺮي ﻋﻠﻴﻬﺎ اﻟﻜﺜﻴﺮ ﻣﻦ .  ﻓﻲ اﻟﺴﻮدان 5791ﻗﺎﻧﻮن ﺻﺤﺔ اﻟﺒﻴﺌﺔ ﻟﻌﺎم 
  .اﻟﺘﺤﻮﻳﻼت ﻟﺘﻨﺘﺞ ﺳﺎﺋﻞ ﻣﻌﺎﻟﺞ ﻟﻤﻄﺎﺑﻘﺔ اﻟﻤﻮاﺻﻔﺎت اﻟﻤﻄﻠﻮﺑﺔ 
آﺨﻄﻮة أوﻟﻲ ﻣﻘﺘﺮﺣﺔ ﻟﺘﺨﻔﻴﺾ اﻟﻤﻮاد اﻟﻌﻀﻮﻳﺔ و اﻹرﺗﻘﺎء ﺑﻨﻮﻋﻴﺔ ﻣﻴﺎﻩ اﻟﻔﻀﻼت اﻟﺨﺎم ﻳﺠﺐ أن ﺗﺘﻜﻮن 
ﻣﻦ ﺣﻮاﻟﻲ  ﺛﻠﺜﻴﻦ ﻣﻴﺎﻩ ﻓﻀﻼت ﺳﺎﺋﻠﺔ ﺳﻜﻨﻴﺔ وﺛﻠﺚ ﻣﻴﺎﻩ ﻓﻀﻼت ﺳﺎﺋﻠﺔ ﺻﻨﺎﻋﻴﺔ أى ﺑﻤﻌﺪل ﺟﺮﻳﺎن ﻣﻴﺎﻩ اﻟﻔﻀﻼت 
  . ﻟﻤﻴﺎﻩ اﻟﻔﻀﻼت اﻟﺴﺎﺋﻠﺔ اﻟﺴﻜﻨﻴﺔ ﻳﻮم ⁄  3ﻣﺘﺮ 0072 ﻟﻤﻴﺎﻩ اﻟﻔﻀﻼت اﻟﺴﺎﺋﻠﺔ اﻟﺼﻨﺎﻋﻴﺔ وﻳﻮم ⁄ 3 ﻣﺘﺮ0031ﻳﺴﺎوي 
ﺒﻜﺘﻴﺮﻳﺎ اﻟﺘﻲ ﺗﻌﻤﻞ ﻋﻠﻲ ﺑﺎﻹﺿﺎﻓﺔ اﻟﻲ ﺗﺨﻔﻴﺾ اﻟﻤﻮاد اﻟﻌﻀﻮﻳﺔ ﻓﺈن هﺬا اﻟﻤﺰج ﺳﻴﻀﻤﻦ وﻓﺮة اﻟﻤﻐﺬﻳﺎت ﻟﻠ
آﺬﻟﻚ ﻟﺘﺨﻔﻴﺾ اﻟﻤﻮاد اﻟﻌﻀﻮﻳﺔ و اﻟﻌﺎﻟﻘﺔ ﻓﺈﻧﻪ ﻳﻮﺻﻲ ﺑﺈدﺧﺎل ﻧﻈﺎم اﻟﻤﻌﺎﻟﺠﺔ . إزاﻟﺔ اﻟﻤﻮاد اﻟﻌﻀﻮﻳﺔ و اﻟﻌﺎﻟﻘﺔ
و ﺑﺎﻟﺮﻏﻢ أن ﺧﺮﺻﺎﻧﺔ و أﺑﻌﺎد ﻧﻈﺎم اﻟﻤﻌﺎﻟﺠﺔ اﻷوﻟﻴﺔ ﺑﺤﺎﻟﻪ ﺟﻴﺪة إﻻ إﻧﻬﺎ ﺑﺤﺎﺟﺔ اﻟﻲ . اﻷوﻟﻴﺔ ﻓﻲ اﻟﻤﺤﻄﺔ اﻟﻘﺪﻳﻤﺔ
آﻤﺎ أﻧﻪ ﻳﺠﺐ إﺿﺎﻓﺔ ﺣﻮﺿﻲ ﺗﺮﺳﻴﺐ ﺑﻨﻔﺲ . اﻷﺟﺰاء اﻟﻤﻴﻜﺎﻧﻴﻜﻴﺔ و اﻟﻜﻬﺮﺑﺎﺋﻴﺔﺑﻌﺾ اﻟﺼﻴﺎﻧﺔ و اﻟﻤﺮاﺟﻌﺔ ﻟﺒﻌﺾ 
 ﻟﺘﺮ⁄ ﻣﻞ ﺟﻢ 008ﺑﻬﺬا ﻓﺈن اﻟﻤﻮاد اﻟﻌﻀﻮﻳﺔ اﻟﻤﺰاﻟﺔ ﺗﺴﺎوي . أﺑﻌﺎد ﺣﻮﺿﻲ اﻟﺘﺮﺳﻴﺐ اﻟﻤﻮﺟﻮد  ﻓﻲ اﻟﻤﺤﻄﺔ اﻟﻘﺪﻳﻤﺔ 
   .ﻟﺘﺮ⁄  ﻣﻞ ﺟﻢ6.733و اﻟﻤﻮاد اﻟﻌﺎﻟﻘﺔ اﻟﻤﺰاﻟﺔ ﺗﺴﺎوي 
 اي ﺗﻐﻴﺮ ﻣﻔﺎﺟﺊ ﺳﻮاء آﺎن ﻓﻲ ﻣﻌﺪل اﻟﺠﺮﻳﺎن أو آﻤﻴﺔ آﺬﻟﻚ ﻻﺑﺪ ﻣﻦ إﺿﺎﻓﺔ ﺣﻮض ﻣﻮازﻧﺔ ﻻﻣﺘﺼﺎص
أﻣﺎ ﺑﺎﻟﻨﺴﺒﺔ ﻟﺤﻮض اﻟﺤﻤﺄة اﻟﻤﻨﺸﻄﺔ  ﻓﺈن ﺣﺠﻤﻪ ﻣﻼﺋﻢ ﻹزاﻟﺔ آﻤﻴﺔ اﻟﻤﻮاد اﻟﻌﻀﻮﻳﺔ اﻟﺪاﺧﻠﺔ و ﻟﻜﻦ . اﻟﻤﻮاد اﻟﻌﻀﻮﻳﺔ
  .ﻳﺠﺐ  إﺿﺎﻓﺔ ﻋﺸﺮة  ﻣﻀﺨﺎت هﻮاء إﺿﺎﻓﻴﺔ 
ﻓﺈﻧﻪ ﻳﺠﺐ ﺗﻄﻬﻴﺮهﺎ آﻤﺎ ﻣﻴﺎﻩ اﻟﻔﻀﻼت ﻣﺨﻄﻂ ﻟﻬﺎ أن ﺗﺴﺘﺨﺪم ﻷﻏﺮاض اﻟﺰراﻋﺔ و ﻟﺘﺤﻘﻴﻖ هﺬا اﻟﻬﺪف 
و ﻟﻜﻦ ﻣﻦ أﺟﻞ ﺗﻄﻬﻴﺮ ﻓﻌﺎل ﻓﺈﻧﻪ ﻳﺠﺐ ﺗﺮﺷﻴﺢ ﻣﻴﺎﻩ اﻟﻔﻀﻼت . أوﺻﺖ ﺑﺬﻟﻚ ﻣﻨﻈﻤﺔ اﻟﺼﺤﺔ اﻟﻌﺎﻟﻤﻴﺔ و ﻣﻨﻈﻤﺔ اﻟﻔﺎو 
  .ﺳﻮاء آﺎن ﺑﺎﻟﻨﻈﺎم اﻟﻔﻴﺰﻳﺎﺋﻲ أو ﺑﺎﻟﻨﻈﺎم اﻟﺒﻴﻮﻟﻮﺟﻲ 
ﺳﻴﺐ ﺑﺎﻹﺿﺎﻓﺔ اﻟﻲ ﻣﻌﺎﻟﺠﺔ  ﻣﻴﺎﻩ اﻟﻔﻀﻼت ﻓﺈﻧﻪ ﻳﺠﺐ ﻣﻌﺎﻟﺠﺔ اﻟﻔﻀﻼت اﻟﺼﻠﺒﺔ اﻟﻨﺎﺗﺠﺔ ﻣﻦ أﺣﻮاض اﻟﺘﺮ
ﻳﺴﺒﻖ هﺬا اﻟﺘﺠﻔﻴﻒ ﺗﺪﻣﻴﺮ ﻟﻠﺒﻜﺘﺮﻳﺎ و ﻏﻴﺮهﺎ . ﺑﺈﺿﺎﻓﺔ أﺣﻮاض ﺗﺠﻔﻴﻒ ﻹزاﻟﺔ اﻟﻤﻴﺎﻩ اﻟﻤﻮﺟﻮدة ﻣﻊ اﻟﻔﻀﻼت اﻟﺼﻠﺒﺔ 
ﻧﺴﺒﺔ ﻟﻠﻨﻘﺺ ﻓﻲ اﻟﻄﺎﻗﺔ ﻓﺈﻧﻪ ﻳﻮﺻﻰ ﺑﺘﺤﻮﻳﻞ . اﻟﻤﻮﺟﻮدة ﻓﻲ اﻟﻔﻀﻼت اﻟﺼﻠﺒﺔ ﺑﻮاﺳﻄﺔ أﺣﻮاض اﻟﻬﻀﻢ اﻟﻼ هﻮاﺋﻴﺔ 
v 
ﻲ ﺗﻨﺘﺞ ﻏﺎز اﻟﻤﻴﺜﺎن اﻟﺬي ﻳﺴﺘﻔﺎد ﻣﻨﻪ ﻷﻏﺮاض أﺣﻮاض اﻟﻬﻀﻢ اﻟﻬﻮاﺋﻴﺔ اﻟﻤﻮﺟﻮدة ﺑﺄﺣﻮاض هﻀﻢ ﻻهﻮاﺋﻴﺔ ﻟﻜ
  . اﻟﻄﺎﻗﺔ 
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Abstract 
This research deals with the new Elhaj Yousif Sewage Treatment Plant, which 
serves Khartoum North Industrial areas and is proposed to serve the Residential area 
of Khartoum Bahri.  
From site visits, personal interview, and relevant documents and drawings, 
Elhaj Yousif Treatment Plant is anticipated to be overloaded and as a result the 
effluent quality will be deteriorated. The Treatment Plant was designed based on 
BOD equal to 300 mg/l, TSS equal to 300 mg/l, and average flow rate of 40000 m3/d, 
although the actual BOD influent equal to 1500 mg/l and TSS influent equal to 716.4 
mg/l. The plant’s final effluent of BOD and TSS should equal to 20 mg/l and 30 mg/l 
respectively as assigned by the Environment Health law, Sudan, 1975. Hence, the 
treatment plant needs to undergo significant modifications and improvements. 
 In order to reduce the high BOD, the raw sewage must be composed of at 
least two thirds domestic wastes blended with one third industrial waste. That means 
the flow rate from industrial area should equal to 13000 m3/d and from residential 
area should equal to 27000 m3/d. Blending domestic waste with industrial waste will 
also guarantee the sufficiency of nutrients for bacteria to act expeditiously. For further 
reduction in BOD and TSS it is recommended to put the old headwork or old 
preliminary treatment system into action. Since the concrete state and dimensions of 
the preliminary treatment system is in good condition and can serve future needs, 
however some mechanical and electrical components need some maintenance. With 
regard to primary treatment it is better to add two more sedimentation tanks with the 
same dimension of the existing ones. The removed BOD and TSS through the 
headwork and the sedimentation tanks will be approximately equal to 800 mg/l and 
337.6 mg/l respectively. 
 To avoid the organic shock loading and flow rates variation in the new 
treatment plant, Equalization Basin unit must be introduced. As a consequence of the 
overloaded Treatment Plant, the aeration basin of the biological Activated Sludge unit 
should be modified. Fortunately the aeration basin volume accommodates BOD 
removal but it needs to be supplied by 10 additional blowers. The aeration basin 
process will act as extended aeration process. 
 vii
 The wastewater effluent is planned to be reused for irrigation, therefore 
disinfection is required as stated by WHO and FAO. However for effective 
disinfection wastewater must be filtered whether through biological filters or physical 
filters. 
 In addition to wastewater treatment, sludge must also be treated. The sludge 
that is produced by the sedimentation tanks is solved by the addition of drying beds 
for dewatering. Before dewatering, Bacteria must be destructed. This comes through 
utilizing existing aerobic digester tanks. Due to energy shortage it is recommended to 
convert the existing Aerobic Digester Tanks to Anaerobic Digester Tanks that 
produce Methane gas which can be used as energy source.   
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.1.1 Historical Background: 
The emergence of construction treatment plant in Khartoum Bahri area was in 
1960’s. The scheme was funded by America Agency of International Development to 
serve residential, industrial and rural areas. The effluent was proposed to be reused for 
the forestry area irrigation north to the industrial area. 
Unfortunately, the treatment plant performance was very low because the 
wastewater influent characteristics were more than the designed wastewater influent 
characteristics, therefore and as a consequence the disposed wastewater effluent was 
stored for evaporation instead of irrigation. After a certain period of operation the 
position was worst than before, cracks started to threaten the concrete buildings. 
Moreover exhaustion and corrosion had damaged part of the treatment plant facilities 
while there was no repair for mechanical and electrical parts. These entire problems 
hindered the treatment plant to do its function.            
This situations lead to the pollution of the environment such as the ground 
water and soil, in addition to the odor nuisance. However, new treatment plant with 
different process and design has been implemented to obtain the required effluent. But 
again the new treatment plant system will be overloaded because the wastewater 
influent characteristics will be more than the designed values. In addition some 
physical facilities are expected not operate properly. Intuitively wastewater effluent 
quality will be over the recommended values. Hence, the effluent will be unusable for 
irrigation. 
1.2 Wastewater Treatment: 
 Wastewater collected from municipalities and communities must ultimately 
be returned to receiving water or to the land or be reused. The determination of the 
treatment level that must be achieved in a given application to ensure protection of 
public health and the environment requires detailed analysis of local condition and 
need, application of scientific knowledge and engineering judgment based on past 
experience, the consideration of local regulation and in some cases detailed risk 
assessment. 
There are three aspects related to wastewater management: 
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1. Collection: collection of domestic and industrial wastewater is best 
achieved by a fully developed water carriage system. The planning and design of 
wastewater collection facilities involve the determination of wastewater flow rate, the 
hydraulics design of sewer, larger conduit and junction and diversion structures, the 
selection of sewer apparatus and pumping station.                
2. Treatment: Wastewater should be treated before its ultimate disposal in 
order to prevent pollution of surface and groundwater and to reduce the spread of 
communicable diseases caused by pathogenic organisms. Methods of treatment in 
which the physical predominate are known as unit operations, while the methods of 
treatment in which chemical and biological activities are involved are known as unit 
processes. Unit operations and processes are grouped together to provide various 
levels of treatment known as preliminary, primary, secondary, and advanced 
treatment. In preliminary treatment gross solids such as large objects, rags, and grit 
are removed as it may damage equipment. In primary treatment, a physical operation, 
usually sedimentation is used to remove the floating and settleable materials found in 
wastewater. In secondary treatment, biological processes are used to remove most of 
the organic matter. In advanced treatment additional combination of unit operations 
and processes are used to remove residual suspended solids and other constituents that 
are not reduced significantly by conventional secondary treatment.                                 
3. Disposal: After the treatment, the problem of disposal arises. The most 
important recent trend in the field of disposal is the establishment of increasing 
stringent requirement to protect the environment. Currently used effluent disposal 
methods are: 
1. Dilute in streams and rivers 
            2. Land application  
3. Reuse in aquaculture and crop irrigation  
The sludge and concentrated pollutants are disposed of in drying beds or 
sanitary landfill, for small treatment plants, and by vacuum filtration followed by 
heated drying and incineration in large treatment plants. An ideal wastewater 
management system should satisfy: health criteria, reuse criteria, ecological criteria, 
nuisance criteria, cultural criteria, operational criteria, and cost criteria. 
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1.3 Objectives: 
1. To asses the existing units of Elhaj Yousif wastewater treatment plant.  
2. To asses the hydraulic design of sewers from the pump station to the 
treatment plant.  
3. To suggest recommendations to upgrade the treatment plant in order to 
improve its performance and efficiency.  
 
 
 
 
 
 
 
 
 
 
  
CHAPTER II 
 
Literature Review 
 
 
 
2.1 Upgrading Existing Facilities 
2.2 Wastewater Flow Rate 
2.3 Wastewater Characteristics 
2.4 Operation and Process Flow Diagram 
2.5 Wastewater Reuse 
2.6 Sludge Treatment & Disposal 
  
 
 
 
 
 
 
 
 
 6
2.1 Upgrading Existing Facilities:  
Upgrading of wastewater treatment plant is define as modifying existing 
operation and facilities to improve operation, maintenance and performance, and 
adding new facilities that enhance performance, improve efficiency of treatment, and 
provide higher level of treatment in conformance with new regulation for reuse, 
discharge or disposal. Often many challenges that face the treatment plant operating 
personnel can be addressed by optimizing process parameter and operational 
procedure, modernizing facilities, and retrofitting existing equipment and processes. 
For facilities evaluation and optimization it is recommended to gather the data and 
analyze it by several methods such as computer model, on line process monitoring, 
linear correlation, and histogram. Most treatment plant contain all the essential 
element necessary to meet treatment goal, but in some instant, the capacity of some of 
the component is underutilized or overloaded, and inadequacies in facilities design 
affect plant operation and maintenance. So in this chapter a new flow diagram or 
additions of some physical facilities are proposed to upgrade the existed facilities and 
to improve the treatment plant performance. In order to upgrade existed facilities it is 
important to analyze the wastewater flow rate and constituent. The following section 
describes generally wastewater flow rate and it's characteristics. 
2.2 Wastewater Flow Rate: 
Wastewater flows is a fundamental step in design hydraulics characteristics, 
sizing and operational consideration of the treatment system component. Therefore 
reliable data and projected flow must be properly analyzed and assessed. 
If actual flow rate data are not available and field measurement of wastewater 
are not possible, water supply data can often be used as an aid to estimate wastewater 
flow rate. The amount of wastewater generate can be predicted from the water supply 
data. 
This section proposes and is to discus generally about wastewater source and 
flow rates. 
2.2.1 Wastewater source and flow rate: Wastewater generate from two 
sources: domestic source and industrial source. From these two sources with the aid of 
water supply records, the amount of wastewater can be estimated. From both source 
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the percentage of wastewater generated varies with the source and the year. In the 
following section a brief description about the domestic and industrial source and 
flow rate. 
2.2.1.1 Domestic wastewater source: The principal sources of domestic 
wastewater are residential area, commercial area, institutional facilities, and 
recreational facilities. For existing development, flow rate should be obtained by 
direct measurement. For area being developed, methods of estimating flow rate are 
considered in the following discussion. 
Residential Area: For many residential areas, wastewater is commonly 
determined on the basis of existing and anticipated population density and the average 
per capita contribution of wastewater. 
Commercial district: Depending on the function and activity, unit flow rate for 
commercial facilities can vary widely. Commercial flow rate are generally expressed 
in m3/ha.d and are based on existing and anticipated future development or 
comparative data. 
 Institutional facilities: The actual records of institutions are the best source of 
flow data for design purpose however some typical flow rate from institutional 
facilities can be found in literature. 
Recreational facilities: Wastewater flow rate from many recreational facilities 
are highly seasonal. It also depends on the region, climate and size.   
2.2.1.2 Industrial wastewater source: Industrial wastewater flow rate vary 
with the type and size of the facilities, the degree of water reuse, and the onsite 
wastewater treatment method, if any. Typical design flow rate can be from industrial 
areas where the natural of the industry is known can be found in references. 
2.3 Wastewater Characteristics: 
An understanding of the natural of wastewater is essential in the design and 
operation of collection, treatment, and disposal facilities and in engineering 
management of environmental quality. 
Sewage in general contains organic matter, inorganic matter and living 
organisms. The organic and inorganic matters may be in dissolved, suspended, and 
colloidal state. The inorganic or minerals matter consist of ash, cinder, sand, grit, 
 8
mud, and other mineral salts. The organic matter can be either nitrogenous or 
nitrogen-free. The chief sources of nitrogenous matter are Urea and protein, while the 
nitrogen free compound includes carbohydrates, fats, and soap. The living organism 
may be divided into plant life (such as algae, fungi) and animal life consisting of 
various type of microorganism such as protozoa, bacteria, virus etc… The bacteria 
convert the complex organic constituents of sewage into simpler more stable organic 
and mineral compounds.       
Wastewater can be characterized in term of its physical, chemical, and 
biological composition. 
2.3.1 Physical Characteristics: The most important physical characteristics 
of wastewater is its total solid content, consisting of floating matter, matter in 
suspension, colloidal matter, and matter in solution. Other physical characteristics are 
odor, color and temperature. Odor in domestic wastewater usually is caused by gases 
produced by the composition of organic matter or by substances added to the 
wastewater. The temperature of wastewater is commonly higher than that of the water 
supply the temperature of the water is vary important parameter because of its effect 
on chemical reaction and reaction rate, aquatic life, and suitability of water for reuse. 
2.3.2 Chemical characteristics: Important chemical characteristics of sewage 
are: PH value, Chlorine content, Nitrogen content, Fat content, Grease content, Oil 
content, Sulphide gas, Sulphate gas, H2S gas, dissolved oxygen, COD, BOD.   
In general chemical characteristics can be classified into: organic matter, 
inorganic matter, and gases. Organic compound are normally composed of a 
combination of carbon, hydrogen, and oxygen together with nitrogen in some cases. 
The principal groups of organic matter found in wastewater are protein (40-60%), 
carbohydrates (25-50%), and fats and oils. Urea is anther important organic 
compound contributing to wastewater. Beside organic matter in wastewater there are 
several inorganic components which are important in establishing and controlling 
water quality. 
Gases commonly found in untreated wastewater include N2, O2, CO2, H2S, 
NH3, and CH4. 
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Different test have been developed to determine the organic content of 
wastewater. The commonly parameter used to determine the organic content are 
BOD, COD, TOC.  
2.3.3 Biological characteristics: Biological characteristics related to various 
microorganisms found in wastewater, some of which may be pathogenic. However all 
bacteria present in wastewater are not harmful; some of these help to treat the 
wastewater and reduce the cost of treatment plant. Every Environmental Engineer has 
to know: 
1. Principal group of microorganism found in wastewater 
2. Pathogenic organism in wastewater 
3. Organism used as indicator of pollution 
The various microorganisms found in wastewater may be broadly classified 
under three categories: 
1. Aquatic plants  
2. Aquatic animals 
3. Aquatic molds, bacteria, and viruses 
The application of the reuse water usually define the degree of wastewater 
treatment and what constituent to be removed. Conventional constituent such as BOD, 
TSS, PH are removed by conventional treatment process. Advance treatment process 
usually remove unconventional constituent such as Refectory organic, Metals, and 
Total dissolved solids. On this basis studies can be conduct to define the physical, 
chemical, and biological characteristics and its concentration in the wastewater.  
2.4 Operation and Process Flow Diagram: 
Depending on the constituent to be removed, an almost limitless number of 
different flow diagrams can be developed by combining the unit operation and 
process. The selections of process flow diagram mainly depend on:  
1. The designer’s past experience  
2. Design and regulatory agency policies on the application of specific 
treatment method  
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3. The availability of suppliers of equipment for specific treatment methods 
4. The minimum use that can be made of existing facilities  
5. Initial construction cost  
6. Future operation and maintenance cost  
As discussed previously the existed facilities must be upgraded to improve its 
performance. Fig 2.1 shows existing flow diagram while fig 2.2 shows the proposed 
flow diagram to upgrade the existing treatment. 
 
 
 
 
 
 
 
Fig 2.1 Existing processes & operations units flow diagram 
 
 
 
 
 
 
 
 
 
 
 
Fig 2.2 Proposed processes & operations units flow diagram 
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As shown in fig 2.2 there are additional physical and process added the 
existing facilities. In the subsequent section there will be a general description of the 
principal proposed flow diagram component. 
2.4.1 Screen: 
2.4.1.1 Screen Classification: Screening is a physical opening device used to 
retain coarse solids found in influent wastewater to protect the subsequent process 
equipment and eliminates material that may inhibit the beneficial reuse of biosolids.  
An approach is required to achieve an effective screening management to 
enhance downstream process, to protect health safety of the operation as screenings 
contain pathogenic organisms, and to control potential odor. 
There are three types of screens: coarse screens, fine screens and micro-
screens. The first two screens are usually used in preliminary treatment of wastewater 
while the last one is used to remove fine solids from treated effluents. All these types 
could consist of parallel bars, rods wires, wire-mesh or perforated plate and the 
openings may of any shape but generally they are circular or rectangular slits. 
Coarse screenings have clear openings ranging from 6 to 15 mm [11] and it 
can be designated as hand-cleaned or mechanically cleaned screens depending on 
flow rate and wastewater characteristics. 
Fine screens have clear openings less than 6 mm [11] and it can be used in 
preliminary treatment (following coarse bar screen) or in primary treatment 
.depending on the capacity of the treatment plant.  
Micro-screens generally have openings less than 50 micrometers [11].The 
principal application for it is to remove suspended solids from the secondary effluent 
.and from stabilization point effluent. 
The channel of the screens should be designed to prevent the accumulation of 
girt and other heavy materials in the channel ahead of the screen and following it. The 
channel floor should be level without pockets to trap solids ; fillets may be desirable 
at the base of the sidewalls. 
2.4.1.2 Screenings Characteristics and Disposal: Screenings are the 
materials retained on bar racks and screens. The smaller the screen opening the 
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greater the quantity of collected screenings. While no precise definition of screenable 
material exists, and recognized method of measuring quantities of screenings is 
available, screenings exhibit some common properties. 
Coarse screenings consists of debris such as rocks, branches, pieces of lumber, 
leaves, paper, trees roots, plastics and rags. Organic matter can collect as well. The 
quantity and characteristics of screening collected for disposal vary depending on the 
type of the bar screen, the size of the screen opening, the type of sewer system and the 
geographic location .  
Means of disposal of screens include:  
1. Removal by hauling to disposal areas (landfill) including co-disposal with 
municipal solid wastes. 
2. Disposal by burial on the plant site and 
3. Incineration either alone or in combination with sludge and grit.  
2.4.2 Grit Chamber:  
2.4.2.1 Introduction: Grit is heavy mineral material found in raw sewage, and 
it may contain sand, gravel, silt, cinders, broken glass, small fragment of metals and 
other inorganic solids, that have subsiding velocities or specific gravities substantially 
greater than those of organic putrescible solid in wastewater.  Grit also includes 
eggshells, bone chips, coffee grounds, seeds and large organic particles such as food 
wastes. Grit is generally nonputrescible. 
Grit settles more rapidly than does the organic or putrescible material in the 
wastewater.  
Grit chamber reduces the formation of heavy deposits in pipelines, channels 
and conduits. They also protect moving mechanical equipment from abrasions and 
accompanying abnormal wear. Grit chamber may be either mechanically or manually 
cleaned.  
2.4.2.2 Aerated Grit Chamber: An aerated grit chamber is a special form of 
grit chamber consisting of a standard spiral flow aeration tank provided with air-
diffusion tubes placed on one side of the tank, 0.6-1 m from the bottom. Aerated grit 
chamber control the separation of organic solid by producing a rolling flow pattern. 
The heavier grit particles with their higher settling velocity drop down to the floor 
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whereas lighter organic particles are carried with the roll of spiral motion and 
eventually out of the tank. Air flow is regulated to give the separation desired. It 
should be rated that the velocity of roll should not exceed critical velocity of scour of 
grit particles. 
The aerated grit chamber has the advantage over the horizontal flow grit 
chamber by improving the removal of suspended solids, by increasing the dissolved 
oxygen and removal of oil and grease, though it has the disadvantage of operation and 
maintenance. 
2.4.2.3 Grit Characteristics, Quantities, Processing and Disposal: 
Generally what are removed as grit are predominantly inert and relatively dry 
materials. Grit composition can be highly variable with moisture content ranging from 
13 to 65%, and volatile content from 1 to 56 %. Often enough organics are present in 
the grit so that it quickly putrefies if not properly handled after removal from the 
wastewater.  
The quantity of grit depends on: the type of sewers, the characteristics of the 
drainage area, the type of the industrial wastes, the number of household garbage 
grinders served. It is difficult to interpret grit-removal data because grit itself is poorly 
characterized and almost no data exist on relative removal efficiencies.  
Grit separators and grit washers may accomplish removal of a major part of 
the organic material contained in grit. When some of the heavier organic matter 
remains with the grit, grit washers are commonly used to provide a second stage of 
volatile solid separation. 
The grit may be disposed of by dumping or burying or by sanitary landfill. 
The ultimate method used, however, depends upon the quality and characteristics of 
the grit, availability of land for dumping, filling or burial. In general unless grit is 
washed, provision for burial should be made .However, unwashed grit, when mixed 
with soil, is valuable as soil conditioner and will give good yield of garden crops. 
2.4.3 Sedimentation Tank:   
2.4.3.1 Introduction: Sedimentation is the separation from water, by 
gravitational settling of suspended particles that are heavier than water. these 
suspended solids will be organic if the wastewater has been subjected to preliminary 
treatment prior to primary treatment .In general sedimentation is used for grit removal 
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in grit chamber , particulate matter  removal in the primary settling basin , biological-
floc removal in the activated- sludge settling basin . Efficiently designed and operated 
primary sedimentation tank should remove from 50 to 70% of the suspended solids 
and from 25 to 40% of the BOD [11]. Primary sedimentation tank located after screen 
and grit chamber. 
Almost all treated plant use mechanically cleaned sedimentation tanks of 
standardized circular or rectangular design. Two or more tanks should be provided so 
that the process may remain in operation while one tank is out of service for 
maintenance and repair work.  
2.4.3.2 Design Consideration: The settleable solids to be removed in 
sedimentation tanks are mainly organic in nature, dispersed or flocculated. Several 
factors such as flow variation, density currents, solids concentration, solid loading 
area, detention time and overflow rate influence the design of sedimentation tank. If 
all solids in wastewater were discrete particles of uniform size, uniform density, 
uniform gravity and uniform shape, the removal efficiency of these solids will be 
dependent on the surface area of the tank and time of detention. The depth of the tank 
would have little influence, provided that horizontal velocities would be maintained 
below the scouring velocity.  
2.4.3.3 Performance of Sedimentation Tanks: The efficiency of 
sedimentation tank with respect to the removal of BOD and TSS is reduced by:  
1. Eddy current formed by the inertia of incoming fluid. 
2. With induced circulation cell formed in uncovered tank. 
3. Thermal convection current. 
4. Cold warm water causing the formation of density current. 
5. Thermal stratification in hot climate. 
2.4.3.4 Characteristics and Quantities of Solids (Sludge) and Scum: The 
volume of solids produced in primary settling tank must be known or estimated so 
that these tanks and subsequent equipments can be properly designed. The solid 
volume will depend on:  
1. The characteristics of untreated wastewater, including strength and 
freshness.  
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2. The period of sedimentation and the degree of purification to be effected in 
the tank. 
3. The condition of deposited solids, including specific gravity, water content, 
and change in volume under influence of tank depth or mechanical solid removal 
device. 
4. The period between solid removal operations. 
The characteristics of solids they are usually gray and slimy and, in most 
cases, has an extremely offensive odor. Primary sludge can be readily digested under 
suitable condition of operation. 
2.4.4 Flow Equalization:  
Flow equalization is a unit that damps the flow rate variation to achieve a 
nearly constant flow rate or to reduce peak flow. It is a method used to overcome the 
operational problems caused by flow rate variation, to improve performance of down 
stream processes, and to reduce the size and cost of downstream treatment facilities. 
According to the flow that passes through the equalization unit there are two 
types of application: the first is the in-line arrangement, all the flow passes through 
the equalization basin. The other type is the off-line arrangement, only where only 
flow above some predetermined flow limit is diverted to the equalization basin. 
For proper design of equalization unit there are some considerations and 
factors that should be taken; the location of the equalization facilities in the treatment 
process flow sheet, the type of equalization to be used, the required basin volume, the 
features that should be incorporated into the design and the control of the deposition 
of solids and potential odors .Generally these concerns vary from treatment plant to 
another depending on the characteristics of the influent flow. 
The principal design factors that must be counted are: Basin geometry which 
depends on whether in-line or off-line equalization is used and also cleaning 
equipment used. Basin construction: new basin may be of earthen, concrete or steel 
construction depending on: local conditions, mixing and air requirement; to blend the 
content of the tank and to prevent deposition of solids in the basin. Operational 
apparatuses ; for instant facilities for flushing any solid and grease that may tend to 
accumulate on the basin wall , water spray to prevent accumulation of foam on the 
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side of the basin and to aid in scum removal , and separate odor control facilities . The 
last principal factor is pump and pump control system to provide additional head 
requirements within the treatment plant whether pumping precede or follow 
equalization basin but pumping into the basin is generally preferred for the reliability 
of treatment operation. 
The advantages that are cited for the application of equalization basin are:  
1. Biological treatment is enhanced  
2. The effluent quality and thickening performance of secondary 
sedimentation tanks following biological treatment is improved. 
3. Effluent filtration surface area requirement is reduced, in addition to 
improving performance; flow equalization is an attractive method for upgrading the 
performance of overloaded treatment plants. 
On the other hand the disadvantages are:  
1. Relatively large areas or sites are needed  
2. Equalizer facilities may have to be covered for odor control near residential 
areas  
3. Additional operation and maintenance are required. 
2.4.5 Activated Sludge:  
2.4.5.1 Introduction: Biological treatment is an essential part in controlling 
wastewater hazards. Therefore the environmental engineer must understand the 
characteristics of each biological process to ensure that the proper environment is 
produced and controlled effectively. 
The objective of biological treatment of wastewater is to coagulate and 
remove non-settleable colloidal solids and to stabilize the organic matter. In many 
cases the reduction of organic content and nutrients such as nitrogen and phosphorus 
and recently removal of trace organic compounds that may be toxic is the main 
concern of biological treatment objective. The biological treatment techniques used 
may be classified as 1) attached film process 2) suspended growth process 3) 
combination process.  
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The removal of carbonaceous BOD, the coagulation of non-settleable colloidal 
solids, and the stabilization of organic matter are accomplished biologically using a 
variety of micro-organisms, principally bacteria. The microorganisms are used to 
convert the colloidal and dissolved carbonaceous organic matter into various gases 
and into cell tissue. Because cell tissue has a specific gravity slightly greater than that 
of water, the resulting cells can be removed from the treated liquid by gravity settling. 
These must have sufficient; source of energy such as light or chemical oxidation, 
carbon for the synthesis of new cellular material such as organic matter and carbon 
dioxide, and inorganic element (nutrient) such as nitrogen, phosphorus, sulfur, 
potassium, calcium, and magnesium.   
2.4.5.2 Activated Sludge Process: Activated sludge process may be defined 
as a system in which a flocculated biological growth are continuously circulated and 
contacted with organic waste in the presence of oxygen. The oxygen is usually 
supplied from air bubbles injected into the sludge- liquid mass under turbulent 
condition .The process involves an aeration step followed by a solid-liquid separation 
step  from which the separated sludge is recycled back for admixture with the waste . 
The mixture of recycled sludge and sewage in the aeration tank is referred to as mixed 
liquor. The mixed liquor suspended solids MLSS will contain not only active micro-
organisms but also their dead cells as well as inert organic and inorganic matter 
derived from the influent sewage. The mixed liquor volatile suspended solid 
(MLVSS) are generally used and is preferable to MLSS as it eliminates the effect of 
organic matter. The recycling of sludge helps in the initial building up of a high 
concentration of active micro-organisms in the mixed liquor which accelerate the 
BOD removal. Fig 2.3 shows the generalized biological process reaction in the 
activated sludge process.  
The micro-organisms require food, oxygen and nutrients and yield carbon 
dioxide, water and new micro-organisms as indicated by the following equation: 
Organic material + oxygen + nutrients  microorganism  CO2 + H2O + energy + 
micro-organisms 
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Fig 2.3 General biological process reaction in Activated Sludge process. 
 
2.4.5.3 Types of Processes and Modification: The activated sludge processes 
is very flexible and can be adapted to almost any type of biological wastewater 
treatment problem. 
As it use is increased, many modifications were made both with respect ro 
basin configuration as well as aeration techniques. The more important processes are:  
1. Conventional process  
2. Tapered aeration process 
3. Step aeration  
4. Contact stabilization process 
5. Completely mixed process  
6. Modified aeration process 
7. Extended aeration process  
Fig 2.4 describes the relationship between BOD, time and the process of the 
activated sludge. 
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Fig 2.4 Sludge growth & BOD removal relationship for various activated 
sludge processes 
 
The selection of any type of process to be used in treatment plant depends on 
the following factors: reaction kinetics governing the treatment process, oxygen 
transfer requirements, nature of wastewater to be treated, local environmental 
condition, and construction, operational and maintenance cost considered in 
conjunction with the secondary settling facilities.  
On the base of the configuration and the above factors Elhaj Yousif Treatment 
Plant can be classified as completely mixed process or extended aeration process. 
Therefore the author will focus on these two processes. 
2.4.5.3.1 Completely Mixed Process: Completely mixed process disperses 
the incoming waste and the return sludge uniformly throughout the basin, so as to 
obtain a completely mixed flow regime. The organic load on the aeration tank and the 
oxygen demand are uniform from one end to the other: As the mixed liquor passes 
across the aeration tank from the effluent part to the effluent channel, it is completely 
mixed by diffused mechanical aeration. The advantages of this process are:  
1. There is less variation in the organic loading of the contractor resulting in a 
more uniform effluent quality and oxygen demand. 
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2. There is dilution of wastewater into the entire basin volume resulting in a 
more reduced effect of shock loading either organic or toxic in nature. 
3. There is maximum efficiency of the entire contractor content at all times 
due to complete mixing of the wastewater  
4. There is stabilization of the operation by leveling out of organic loading. 
5. The plant has the capacity to hold a high MLSS in the aeration basin, 
enabling the aeration basin volume to be reduced. 
 2.4.5.3.2 Extended Aeration Process: It is a completely mixed process 
which operates at a long hydraulic retention time, a high sludge age, high MLSS 
concentration and low ratio. The BOD removal efficiency is high .Because of long 
detention time in the aeration tank; the mixed liquor solids undergo considerable 
endogenous respiration and get well stabilized. The primary settling tank can be 
omitted but communition is often provided for screening. The excess sludge 
production is a minimum , the air requirement for the process are high and the running 
cost are also therefore quite high .The excess sludge does not require separate 
digestion and can be directly dried on sand beds. 
2.4.5.4 Process Control: Control of the activated process is important to 
maintain high level of treatment performance under a wide range of operating 
condition. The principal factors used in the process control. 
Firstly, maintaining dissolved –oxygen level in the aeration tank .When 
oxygen limits the growth of micro-organisms, filamentous organisms may 
predominate and the settleability and quality of the activated sludge may be poor. 
Secondly, regulating the amount of return activated sludge to maintain a 
sufficient concentration of activated sludge in the aeration basin, so that the required 
degree of treatment can be obtained in the time interval desired. 
Thirdly, controlling the waste activated sludge to maintain a given food to 
micro-organisms ratio or mean cell-residence value.  
All the above principal factors lead to control F/M ratio, mean cell-residence 
time and MLSS. 
2.4.5.5 Operational Difficulties: The most common problem encountered in 
the operation of an activated sludge plant are bulking sludge and floating sludge. 
 21
Because of these problems, sludge may be lost from clarifier even when the clarifier 
is properly designed the stand point of solid loading. 
Floating Sludge: Rising sludge or floating sludge may be due to de-
nitrification in the settling tank releasing nitrogen bubbles which buoy up the sludge. 
This problem is associated with high sludge age and long solids retention time in the 
clarifier .When sludge age exceeds 10 days and D.O content is in excess of 2 mg/l      
a degree of conversion of ammonium to nitrate will occur rising sludge problem. This 
phenomenon may be overcome by:  
 1. Increasing the return activated sludge withdrawal rate from the clarifier to 
reduce the detention time of the sludge in the clarifier. 
2. Decreasing the rate of flow of aeration tank mixed liquor into the offending 
clarifier if the sludge depth can not be reduced by increasing the return activated 
sludge withdrawal rate. 
3. Increasing the speed of the sludge-collecting mechanism in the settling tank 
and, 
4. Decreasing the mean cell-residence time by increasing the sludge wasting 
rate. 
Sludge Bulking: Sludge with poor settling characteristics is termed bulking 
sludge .Sludge bulking occur due to: 
1. Inadequate air supply  
2. Low PH 
3. Prolonged detention of sludge in the settling tank  
4. Sludge accumulation on the bottom of aeration tank  
5. Sudden discharge of septic solids from sewage bohydrate which favor 
growth of filamentous fungi. 
The quick settleability of sludge is an important factor in the effluent 
performance of the activated sludge plant.          
  The SVI serves also as an index of sludge settleability .SVI value of 
80-150 are considered satisfactory in plant operating with MLSS of 800-3500 mg/l 
[8]. Bulking of sludge can be controlled by the following:  
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1. Reducing the sewage flow to the aeration tank for a short period  
2. Reducing the suspended solids in the mixed liquor. 
3. Prolonged aeration and re-aeration of return sludge  
4. Application of chloride or hydrogen peroxide controls the growth of 
filamentous organisms. 
2.4.6 Filtration Process:          
2.4.6.1 Introduction: Filtration involves the removal of suspended particle 
from the wastewater by passing it through a layer or a bed of porous granular material 
such as sand. As the wastewater flow through the filter bed, the suspended particles 
become trapped within the pore space of the filter media. 
This practice has become more in wastewater treatment. Filtration of 
wastewater effluent of biological and chemical treatment processes to reduce the mass 
discharge of solids and perhaps more important as a conditioning step that will allow 
for the effective disinfection of filtered effluent. Single and two stage filtration is also 
used to remove chemically precipitated phosphorus.   
2.4.6.2 Filter Description: The general features of conventional rapid 
granular medium depth filters are illustrated in fig 2.5. The filter medium is medium 
is generally supported on a layer f coarse gravel. Below the gravel, this only serves to 
support the filter bed and does not contribute to the filtering action, is a special filter 
bottom or under- drain system. Under-drain system is also used to reverse the flow to 
backwash the filter. The type of under-drain to be used depends on the type of 
backwash system. Located above the surface of the filter bed are wash-water troughs, 
which carry away the dirty backwash water as it flows upward through the bed and 
over the edge of the trough. Grain size is the principal filter-medium characteristic 
that affects the filtration operation. The effective size of a filtering medium is defined 
as the 10% size based on mass. The uniformity co-efficient is defined as the ratio of 
the 60% size to 10% size .The uniformity co-efficient should be less than 1.5. A 
difficulty arises when using only sand in the rapid sand filter is that , after 
backwashing the layer sand grains settle to the bottom first, leaving the smaller sand 
grains at the filter surface. As a consequence most of the filtering action takes place in 
the top later of the bed. This results in an inefficient use of the filter. The filter run 
time is reduced and frequent backwashes are required. So it is preferable to distribute 
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the size from larger to smaller particles to allow suspended solids to reach greater 
depth within filter bed and allows for larger filter run. For this purpose it is better to 
use more than one medium such as Anthracite and sand. In addition, the use of 
Anthracite acts as a rough filter removing most of the large impurities first and the 
sand layer to remove the finer particles without getting clogged quickly. 
 
 
 
 
 
 
 
 
 
 
 
 
How filter operation: 
1. Open valve A. This allow influent to flow to filter 
2. Open valve B. This allow effluent to flow through filter 
3. During filter operation, all other valve are closed 
How filter is backwashed: 
1. Close valve A 
2. Close valve B. When water in filter drops down to top of overflow 
3. Open valve C & D. This allow water from wash water tank to flow up through 
the filtering medium, loosening up the sand and washing the accumulate solids 
out of the filter. Filtered back wash water is return to head end of treatment 
plant. 
A
C
Anthracite
Sand
Gravel
Effluent level
during filtering
Washwater
trough
Water level
during backwashing
Air
Influent
Drain
effluent
B
Back wash
waterDrain
Under drain systemController
E D
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How to filter the waste  
1. Open valve A & E. All other valves Closed. Effluent is sometimes filtered to waste 
for a few minutes after has been washed to condition the filter before it is put into 
service. 
 
Fig 2.5 Definition sketch for operation of conventional down flow, granular medium, 
gravity flow filter 
    
2.4.6.3 Filter Process: In a conventional down-flow filter, wastewater containing 
suspended matter is applied to the top of the filter bed. With the passage of time, as 
material accumulate within the interstices of the granular medium, the head loss 
through the filter start to build up beyond the initial value as shown in fig 2.6. After 
some period of time, the operating head loss or effluent turbidity reaches a 
predetermined head loss or turbidity value. And the filter must be cleaned. The filter 
cleaning starts or is controlled by three principal ways:  
1. Constant rate filtration with fixed head  
2. Constant-rate filtration with variable head  
3. Variable rate filtration with fixed or variable head  
 
 
 
 
 
 
 
 
Fig 2.6 Definition sketch for the length of filtration run based on effluent quality & 
head loss of wastewater 
Time or volume of filtrate
Ef
flu
en
t q
ua
lit
y
or
 h
ea
d 
lo
ss
Head loss through filter
End of
filter run
Terminal acceptable headloss
Limiting effluent quality
Effluent quality
 25
 
2.4.6.4 Backwash Process: The end of the filter run is reached when the 
suspended solids in the effluent start to increase beyond an acceptable level or when a 
limiting head loss occurs across the filter bed. When either of these conditions is 
reached the filtration phase is terminated and the filter must be cleaned to remove the 
material that has been accumulated within the granular filter bed. A sufficient flow of 
wash-water is applied until the granular filtering medium is fluidized, causing the 
particles of the filtering medium to abrade against each other. Fig 2.5 shows the 
filtration and backwashing processes.  
In most wastewater treatment plant flow diagram the wash-water containing 
the suspended solids that are removed from the filter is returned either to the primary 
settling facilities or to the biological treatment process.  
2.4.6.5 Filter Problems: The principal problems encountered in wastewater 
filtration are: turbidity breakthrough which leads to unacceptable level of turbidity in 
the effluent, mud-ball formation due to aggregation of the biological flow, build up of 
emulsified grease, development of cracks and contraction of filter bed as a result of 
improper cleaning, loss of filter medium due to back-wash and gravel mounding. 
2.4.6.6 Need for Pilot Plant Studies: Although many researches, studies and 
theories were conducted in wastewater filtration, it must be stressed that there is no 
generalized approach to the design of full-scale filters. The principal reason is the 
inherent variability in the characteristics of the influent suspended solids to be 
filtered. Therefore, the best way to ensure that the filter will operate efficiently is to 
conduct pilot-plant studies. For accurate results the test should be carried out at 
several intervals, ideally throughout a full year, to assess seasonal variation in the 
characteristics of the influent to be filtered. 
2.4.7 Chlorine Disinfection Process:                   
2.4.7.1 Introduction: This process comes as a last process in the treatment 
plant. Al l processes in treatment plat are insufficient to ensure the complete removal 
of pathogenic bacteria or viruses. The effluent must satisfy the regulatory 
requirement; it must be completely free of disease-causing microorganisms, therefore 
the effluent must be disinfected.  
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Chlorine is the most commonly used substance for disinfection. The addition 
of chlorine or chlorine compounds to wastewater is called chlorination. Chlorine can 
be present as a gas or a liquid and can be supplied as a liquefied gas under high 
pressure in containers.  
For the disinfection of relatively large volume of wastewater, the gaseous form 
of chlorine is generally the most economical. Under pressure, the chlorine is actually 
in liquid form in the cylinder; when it is released from the cylinder it vaporizes into a 
gas. In gaseous form it is very toxic, and even in low concentration it is a severe 
irritant. 
2.4.7.2 Chlorination Chemistry: When chlorine is dissolved in wastewater it 
reacts with hydrogen ion and OH ions in wastewater. Two of products of the reaction 
are hypochlorous acid (HOCl) and hypochlorite ion (OCl-). These are the actual 
disinfecting agents. If microorganisms are present in the wastewater HOCl and OCl- 
penetrate microbial cells and react with certain enzymes. This reaction disrupts the 
organism metabolism and kills them. Hypochlorus acid is a more effective 
disinfectant than hypochlorite ion because it diffuses faster through the microbe cell 
wall. The relative concentration of HOCl and OCl- depends on the PH of wastewater. 
The lower the pH the more HOCl is there relative to OCl-. In general, then, the lower 
the PH of wastewater the more effective is the chlorination –disinfection process. The 
following equations illustrate the reaction: 
Cl2 + H2O ↔ HOCl + H+ + Cl- 
HOCl ↔ H+ + OCl- 
2.4.7.3 Breakpoint Reaction with Chlorine: The term “breakpoint  
chlorination" is the term applied to the process whereby enough chlorine is added to 
react with all oxidizable substances such that if additional chlorine is added it will 
remain as free chlorine. The main reason for adding enough chlorine to obtain free 
chlorine residual is that effective disinfection can usually then be assured. As chlorine 
is added, readily oxidizable substances and organic matter react with the chlorine and 
reduce most of it to the chlorine ion. The amount of chlorine used up in this initial is 
called the chlorine demand of the wastewater. The added chlorine continues to react 
with the ammonia to form chloramines. After chloride completes its reaction with 
ammonia and forms chloramines. After chlorine complete its reaction with ammonia 
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and form chloramines, some chloramines will be converted to nitrogen trichloride, the 
remainder will be oxidized to nitrous oxide (N2O) and nitrogen (N2) and the chlorine 
will be reduced to chlorine ion. Only after the chlorine demand is satisfied and the 
reaction with all the dissolved ammonia is complete, the chloride actually becomes 
available in the form of HOCl and OCl which is called free available chlorine. Only 
after the chlorine demand is satisfied and the reaction with the dissolved ammonia is 
complete is the chlorine actually available in the form of HOCl and OCl- which is 
called free available residual chlorine. The following chemistry equations illustrate 
the reaction during breakpoint chlorination. Breakpoint chlorination process can also 
be illustrated in fig 2.7.  
NH+4 + HOCl → NH2Cl + H2O + H+ 
NH2Cl + HOCl → NHCl2 + H2O 
0.5 NHCl2 + 0.5 H2O → 0.5 NOH + H+ + Cl- 
0.5 NHCl2 + 0.5 NOH → 0.5 N2 + 0.5 HOCl + 0.5 H+ + 0.5 Cl- 
The overall reaction as follows: 
 NH+4 + 1.5 HOCl → 0.5 N2 + 1.5 H2O + 2.5 H+ + 1.5 Cl- 
 
 
 
 
 
 
 
 
 
 
 
Fig 2.7 Generalized curves obtained during breakpoint chlorination 
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2.4.7.4 Chlorination Advantages and Disadvantages: As noted earlier, 
chlorine is the one used most commonly throughout the world as a result of the 
following: 
1. Chlorine is available in large quantities and reasonably priced  
2. Chloride has the ability to penetrate through surfaces. 
3. Chlorine is a soluble substance in water.  
4. Chlorine is a toxic substance to microorganisms.  
5. Chlorine contains an effective toxicity at ambient temperature range.  
6. Chorine has the properties of noncorrosives and nonstaining. 
Although the of chlorine for the disinfection of both potable water supplies 
and treated wastewater has been of great significance from a public health 
perspective, serious concern has been raised of its continued use. Important concerns 
include: 
1. Chlorine is a highly toxic substance that potentially poses health risks to 
treatment plant operators and the general public if released by accident.  
2. Chlorine reacts with the phenolic compounds in wastewater to produce 
odorous compounds.  
3. Chlorine reacts with the hydrocarbon compounds in wastewater to produce 
byproducts such as chloroform many of which are known to be carcinogenic. The 
equation below illustrates the reaction: 
CH4 + Cl2 → CHCl3  
4. Residual chlorine in treated wastewater effluent is toxic to aquatic life. 
5. Concern exists over the discharge of Chloro-organic compounds to 
environment, the long term effects of which are not known. 
2.5 Wastewater Reuse:  
2.5.1 Introduction: The reused wastewater application will usually govern the 
wastewater treatment needed to protect public health and the environment. The seven 
principal categories of municipal wastewater reuse are:  
1. Agricultural irrigation: The largest current use of reclaimed water. 
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2. Landscape irrigation: include the irrigation of parks, playgrounds …etc 
3. Industrial activities: primarily for cooling and process needs. 
4. Ground water recharge: through injection to ground water aquifer 
5. Recreational and environmental uses: involves a number of non-potable 
uses related to land-base water features. 
6. Non-potable urban uses: include fire protection, air conditioning  ...etc  
7. Potable reuses: this could occur by blending in water supply storage 
reservoir or, by direct input into the water distribution system. 
The quantities which are used in potable and non-potable are minor at present.  
What constituents to be removed and to what extent they must be removed? 
These questions are of great significance in developing countries because these are 
experiencing an extreme water shortage and high levels of treatment are not 
economically feasible. For most developing countries, reclaimed water quality for 
protecting health is often established in relation to the limited resources available for 
public work and other health delivery systems.  
Many environmental agencies established conditions and regulations that 
would allow for safe use of reclaimed water for a variety of water reuse application. 
These guidelines or regulations are based on the control of conventional parameters 
such as BOD, TSS and Coliform used for the design and monitoring of wastewater 
treatment plant. 
2.5.2 Agricultural and Landscape Irrigation: As stated earlier the 
agriculture and landscape irrigation are the largest current use of reclaimed water and 
it offers significant future opportunities for water reuse. Numerous irrigation water 
quality guidelines have been proposed. These guidelines can divide into four 
categories:  
1) Salinity: it is the most important parameter in determining the suitability of 
water for irrigation and is determined by its electrical conductivity. The presence of 
salt affects plant growth through osmotic effect. 
2) Specific ion toxicity: if the decline of crop growth is due to excessive 
concentration of specific ion rather than the osmotic effect, it is referred to as specific 
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ion toxicity. The ions of most concern in wastewater are sodium, chloride, and boron. 
The most prevalent toxicity from the use of reclaimed water is from boron. 
3) Water infiltration rate: this is caused by sodium toxicity which leads to 
deterioration of the physical condition of soil (water logging, reduced soil 
permeability). The water infiltration problem occurs within the top few centimeters of 
the soil and is mainly related to the structural stability of the surface soil. 
4) Nutrients: The nutrients in reclaimed water provide fertilizer value for crops 
or landscape production, however, in certain instances when nutrients are in excess of 
plants needs they can cause problems. 
When defining suitability of the reused water it is important to gather the 
following data to determine the required area:  
1. Evaportranspiration of the plant  
2. Monthly average wastewater flow-rate  
3. Rainfall 
4. Soil saturation hydraulic conductivity by conducting percolation test   
Despite the difficulties that are associated with the storage of reclaimed water 
such as excessive growth of algae, re-growth of micro-organisms release of odors… 
etc it is important to construct a reservoir for the reused water to meet the irrigation 
demand. The following tables can be used to govern the effluent quality. 
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Table 2.1 Guideline for interpretation of water quality for irrigation (FAO 1985) 
 
Degree of restriction on use Potential irrigation 
problem 
unit 
None 
 
Slight to 
moderate 
Severe 
Salinity 
ECW 
Or 
TDS 
 
ds/m 
 
mg/l 
 
< 0.7 
 
450 
 
0.7-3.0 
 
450-2000 
 
> 3.0 
 
>2000 
 
Infiltration 
SAR = 0-3 and ECW 
3-6 
6-12 
12-20 
20-40 
 
 
 
 
 
> 0.7 
> 1.2 
> 1.9 
> 2.9 
> 5.0 
 
0.7-0.2 
1.2-0.3 
1.9-0.5 
2.9-1.3 
5.0-2.9 
 
< 0.2 
< 0.3 
< 0.5 
< 1.3 
< 2.9 
 
Specific ion toxicity 
Sodium (Na) 
Surface irrigation 
Sprinkler irrigation 
 
 
SAR 
me/l 
 
 
< 3 
< 3 
 
 
 
3-9 
> 3 
 
 
> 9 
Chloride (Cl) 
Surface irrigation 
Sprinkler irrigation 
 
me/l 
me/l 
 
< 4 
< 4 
 
4-10 
> 3 
 
> 10 
 
Boron (B) mg/l < 0.7 0.7-0.3 > 3.0 
Miscellaneous effects 
Nitrogen (NO3-N) 
Bicarbonate (HCO3) 
 
mg/l 
me/l 
 
 
< 5 
< 1.5 
 
5-30 
1.5-8.5 
 
> 30 
> 8.5 
 
PH  Normal range 6.5-8.4 
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Table 2.2 Recommendation of microbiological quality guidelines for wastewater use 
in agriculture (WHO) 
 
Category Reuse 
condition 
Exposed 
group 
Intestinal 
nematodes 
(arithmetic 
mean no. of 
eggs per 
liter) 
Fecal 
Coliform 
(geometric 
mean no. per 
100 ml) 
Wastewater 
treatment 
expected to 
achieve the 
required 
microbiological 
A Irrigation 
of crops 
likely to be 
eaten 
uncooked 
sports field 
public 
parks 
Workers, 
consumer 
public 
< 1 < 1000 A series of 
stabilization 
ponds designed 
to achieve the 
microbiology 
quality indicated, 
or equivalent 
treatment 
B Irrigation 
of cereal 
crops 
industrial 
crops, 
fodder 
crops, 
pasture and 
trees 
workers < 1 No standard 
recommended 
Retention is 
stabilization 
ponds for 8-10 
days or 
equivalent 
helminthes and 
fecal Coliform 
removal 
C Localized 
irrigation 
of crops in 
category B 
if exposure 
of workers 
and the 
public does 
not occur 
none Not 
applicable 
Not applicable Pretreatment as 
required by the 
irrigation 
technology, be 
not less than 
primary 
sedimentation 
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2.6 Sludge Treatment and Disposal:  
2.6.1 Introduction: There are two end products obtained from various 
wastewater treatment plant; effluent and sludge. The treated effluent is directly 
discharged either in receiving water or on land. However, sludge is to be processed 
first before its final disposal. Objectives of processing sludge are to extract water from 
solids and dispose the dewatered residue through a combination of physical, chemical 
and biological operations. 
The constituent removal in wastewater treatment plant includes screening, grit, 
scum and sludge. The sludge resulting from wastewater treatment operation and 
processes is usually in the form of a liquid or semisolid liquid that typically contain 
from 0.25 to 12% solid by weight, depending on the processes and operations used. 
The problem of dealing with sludge is complex because: 
1. It is composed largely of the substances responsible for the offensive 
character of untreated wastewater. 
2. The portion of sludge produced from biological treatment requiring disposal 
is composed of organic matter contained in the wastewater, but in another form, 
which can also decompose and become offensive. 
2.6.2 Sludge Treatment Process: Thickening, condition, dewatering and 
drying are used primarily to remove moisture from sludge. Digestion, composting, 
incineration, wet-air oxidation and vertical tube reactor are used primarily to treat or 
stabilize the organic material. 
All the above operation units and processes in separate or in combination 
contribute to sludge treatment. Fig 2.8 shows existing process and operation units and 
describes the flow diagram for the excess sludge from activated sludge unit and fig 
2.9 describes the primary sludge treatment operation unit and process. 
 
 
 
 
Fig 2.8 Excess sludge from activated sludge processes & operation unit flow diagram 
Storage Belt filter 
Press 
Polymer feed 
Excess activated    
sludge Disposal 
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Fig 2.9 Primary sludge from primary sedimentation tank processes & 
operational unit flow diagram 
 
2.6.2.1 Blending and Storage: Blending and storage are one of the 
preliminary operations in sludge treatment. Sludge blends secondary and primary 
which contain both biological and settleable solids to produce a uniform mixture to 
downstream operation and process. While storage should be provided to smooth out 
fluctuation in the rate of solids and bio-solids production and to allow solids to 
accumulate during a period subsequent processing facilities are not operating. Sludge 
is often aerated to prevent septicity and to promote mixing. Mechanical mixing may 
be necessary to assure complete blending of the sludge. 
2.6.2.2 Polymer Feeding: Organic polymer is one of the several chemicals 
used to condition the sludge. Sludge is conditioned expressly to improve its 
dewatering characteristics. Chemical conditioning can reduce the 90- 99% incoming 
sludge moisture content to 65-85% depending on the nature of the solids to be treated. 
Chemical conditioning results in the coagulation of solids and release of the absorbed 
water.  
2.6.2.3 Belt Filter Press: Belt filter press continuous feed dewatering devices 
that use the principles of chemical conditions, gravity drainage and mechanically 
applied pressure to dewater sludge. Advantages cited for filter press include high 
concentration of cake solids achieved, good filtrate clarity, and high solids capture. 
Disadvantages include mechanical complexity, high chemical costs, high labor cost 
and limitation on filter cloth life. 
2.6.2.4 Anaerobic Sludge Digestion: Anaerobic digestion is among the oldest 
forms of biological wastewater treatment. It serves as stabilization unit to reduce 
pathogen, eliminate offensive odor and inhibit, reduce or eliminate the potential for 
putrefaction. Survival of pathogens, release of odor, and putrefaction occurs when 
microorganisms are allowed to flourish in the organic fraction of the sludge. The 
biological reduction of volatile contents is the anaerobic digestion mean to eliminate 
these nuisance conditions through stabilization. Anaerobic digestion involves the 
Anaerobic 
Digester 
Drying beds Primary 
Sludge Disposal 
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decomposition of organic matter and inorganic matter (principally sulfate in the 
absence of molecular oxygen), furthermore, anaerobic digestion of municipal 
wastewater sludge can, in many cases, produce sufficient digested gas to meet most of 
the energy needs for plant operation. 
The raw sludge is pumped into the digestion through pipes which terminate 
near the center of the tank .The digested sludge is withdrawn from the bottom. 
Supernatant is drawn from the digester through any one of a series of pipes extending 
out of the tank wall and returned to the influent of the treatment plant. Fig 2.10 
illustrates the stratification in the sludge digester. 
 
 
 
 
 
 
 
 
 
 
Fig 2.10 Stratification in conventional digester 
 
2.6.2.5 Drying Beds: Drying bed is a dewatering process relying on natural 
evaporation and percolation to dewater the solids. After drying, the sludge is removed 
and either disposed of in a landfill or used as soil conditioner. This method of 
dewatering and drying the sludge is especially suitable for locations where 
temperature is higher. A sludge drying bed usually consists of a bottom of gravel of 
uniform size over which is laid a bed of clean sand. Open jointed tile under-drains are 
laid in the gravel layer to provide positive drainage as the liquid passes through the 
sand and gravel.  
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The advantages of drying beds are: low cost, infrequent attention required and 
high solid content in the direct product. In contrast the disadvantages are the large 
space required, effect of climatic changes on drying characteristics, labor-intensive 
sludge removal, insects and potential odor. 
2.6.3 Solid Sources, Characteristics and Quantities: The sources of solids 
in a treatment plant vary according to the type of plant and its method of operation. 
The principal sources of solid and the types generated are reported in table 2.3 
The characteristics of sludge are determined by various tests for the 
determination of specific gravity, moisture content, volatile and fixed solids, color, 
odor …etc .The moisture content of sludge is usually determined indirectly by 
evaporating a given weight of sludge on the water bath and drying the residue to 
constant weight in an oven at a temperature of about 1100 C. The weight of residue 
gives the percentage of solids by weight and the difference in weight is the measure of 
moisture content. When the dry sludge, obtained above, is ignited, an ash-like residue 
is obtained which is also fixed residue, while the loss of weight on ignition represent 
the organic content (or volatile matter) of the dry solid . 
The quantity of solids entering the wastewater treatment plant daily may be 
expected to fluctuate over a wide range. To ensure a capacity capable of handling 
these variations, the designer of solid processing and disposal facilities should 
consider the average and maximum rates of solids production and the potential 
storage capacity of the treatment units within the plants.  
2.6.4 Final Disposal of Sludge: Sludge can finally be disposed of by the 
following methods:  
1. Spreading on farm land  
2. Dumping  
3. Land filling  
4. Sludge lagooning  
5. Disposal in water or sea 
The most favorite method in Sudan is spreading on farm land, because Sudan 
is an agricultural country. The following section will focus on spreading on farm land. 
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2.6.4.1 Spreading on Farm Land: Dewatered sludge may be disposed of by 
spreading over farm land and ploughing under after it has dried. Wet dewatered 
sludge can be incorporated into soil directly by injection. Usually a number of 
trenches are provided and wet sludge is discharged into it. After sludge cake is formed 
due to evaporation of water, it is covered with dry earth. After about a month, the 
whole land is ploughed and used for cultivation. 
In general, digested sludge is of moderate but definite value as a source of 
slowly available nitrogen and some phosphate. They are comparable to farmyard 
manure except for deficiency in potash. They also contain many essential elements to 
plant life and minor nutrients, in the form of trace metals. Sludge humus also increase 
the water loading capacity of soil and reduce soil erosion making an excellent soil 
conditioner specially in arid regions by making available need humus content which 
results is greater fertility. 
 
 
Table 2.3   Source and characteristic of solids and sludge during wastewater treatment 
 
Unit Operation 
or Process 
Type of 
solids 
Description 
screening Coarse 
solids or 
screenings 
Screen includes all type of organic and inorganic 
materials large enough to bet removed on bar racks. 
The organic content varies, depending on the nature 
of the system and the season of the year. 
Grit removal grit Grit is usually made up of the heavier inorganic 
solids that settle with relative high velocities. 
Depending on the operating condition, grit may also 
contain significant amount of organic matter, 
especially fats, and grease. 
Primary 
sedimentation  
Primary 
sludge 
Sludge from primary setting tank is usually gray and 
slimy and, in most cases, has an extremely offensive 
odor. Primary sludge can be readily digested under 
suitable condition of operation 
Biological 
treatment  
Activated 
sludge 
Activated sludge generally has a brown flocculent 
appearance. If the color is dark, the sludge may be 
approaching a septic condition. Sludge in good 
condition has an offensive odor. Activated sludge 
will digest readily alone or when mixed with 
primary sludge. 
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3.1 General: 
 Evaluating and upgrading Elhaj Yousif sewage treatment plant to advance its 
efficiency requires several logical assumptions, local events consideration and needs, 
and engineering judgment based on past experience beside the necessary data about 
the treatment plant and its facilities. 
The treatment plant upgrading requires determining and analyzing wastewater 
flow rate and its biological, physical, and chemical characteristics. These data are the 
fundamental data for any treatment plant design and analysis. References data, 
relevant documents and drawings, and past researches are considered as important 
data for successful analysis and design. Site visits and personal interviews are also an 
essential source of data. When all these data are gathered together and analyzed then 
an ideal wastewater system is designed and managed.    
3.2 Study Area: 
The study area is located in Khartoum Bahri in a district called Elhaj Yousif. 
The area contains two sewage treatment plants, old and new treatment plants each of 
them have its own processes and facilities. Both treatment plants are surrounded by 
many farms areas. 
About 4 Km2 is the area of the old treatment plant occupied by Coarse Screen, 
Grit Chamber, Sedimentation Tanks, Sludge treatment, ten Ponds, and Pump Station. 
The effluent was supposed to pump to Koko irrigation scheme. As mentioned 
previously cracks started at concrete buildings especially at pump station, which lead 
to the submergence of pump by the wastewater and as a result, the pump was out of 
service. This situation took long time till it was fixed, repaired and rehabilitated. In 
addition the aeration system of the Grit Chamber was not working, that inhibit the 
subsequent unit to work properly. Therefore, the wastewater was heading from Screen 
to Ponds without any proper treatment. 
Nearby the old treatment system, lies the new treatment plant which consists 
of Multistory building that contain laboratory facilities, Fine Screens, Air Blowers, 
and sludge treatment systems. Besides the multistory building comes a sequence of 
basins to treat the wastewater. The most important basins are the Activated Sludge 
basins because it is the heart of the treatment. 
The design criteria for the new treatment plant as follows: 
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Average flow rate equal to 40000 m3/d, Biochemical Oxygen Demand (BOD) range 
from 200-530 mg/l. Total Suspended Solids (TSS) equal to 300 mg/l. The expected 
BOD effluent less than 10 mg/l, TSS less than 20 mg/l, total N less than 5 mg/l, and 
total P less than 1 mg/l [13]. While usually the industrial BOD may be more than 800 
mg/l. 
 
 
  
CHAPTER IV 
 
Results of Treatment Plant Facilities Design 
 
 
 
4.1 Element of Conceptual Process Design 
4.2 Wastewater Characteristics and Flow Rate 
At Elhaj Yousif Treatment Plant  
4.3 Design of Modified Treatment Plant 
Facilities 
4.4 Plant Hydraulics 
4.5 Plant Layout 
 
 
 
 
 
 
 42
 
4.1 Element of Conceptual Process Design:  
The elements of conceptual process design are:  
1. Establishing the design period for facilities  
2. Development of the processes flow diagram   
3. Establishing process design criteria  
4. Preliminary sizing of treatment units  
5. Preparation of solid balances  
6. Site layout consideration and  
7. Evaluation of plant hydraulics 
The design period establishes the target date when the design capacity of the 
facilities will be reached. Longer periods are preferred to structure and hydraulic 
content system, that can not be easily expanded. While treatment process flow 
diagram is graphically represented of particular combination of unit operation and 
processes. After one or more preliminary process flow diagram has been developed, 
the next step is to establish the process design criteria so that the physical facilities 
can be determined such as hydraulic detention time, etc. When the computation has 
been completed, all the key design criteria should be listed in a summary table. After 
the design criteria have been established the next step is to determine the number and 
size of the physical facilities needed. Solid balance is determined to design the sludge 
treatment system. Plant layout describes the arrangement of the physical facilities 
required to achieve a given treatment objective. After process flow diagram has been 
selected and the size of the corresponding physical facilities is determined, hydraulic 
computation and profile are prepared for both average and peak flow rate.  
4.2 Wastewater Characteristics and Flow Rate at Elhaj Yousif 
Treatment Plant:  
4.2.1 Wastewater Flow Rate: Wastewater that enters the treatment plant is 
contributed by domestic and industrial areas. The new treatment plant design is based 
on 40000 m3/day. It is assumed that the design period till year 2020 and the expected 
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consumption of water at that time is equal to 250 L/capita/ day (as design by the new 
water treatment plant in Omudurman), the produced wastewater is assumed to be 80% 
of water consumption. Based on the above assumption it will be found that the served 
first class population by the treatment plant is equal to 100000 people. With regard to 
the industrial area it is assumed that it is equivalent to 100000 people. Accordingly, 
the total population which is served by the treatment plant is equal to 200000 people.   
By observation of flow rate for domestic wastewater at many treatment plants, 
it has been found that all variations follow the same pattern [16]. Minimum flow 
occurs during the early morning hours when water consumption is lowest. First peak 
flow generally occurs in the late morning when wastewater from the peak morning 
water use reach the treatment plant. Second peak flows occur in the early evening. 
With regard to industrial wastewater discharge it is difficult to predict, therefore, and 
for design consideration it has been assumed that the industrial wastewater discharge 
is constant throughout the day and the pattern of the flow variation effected by the 
variation of the domestic flow rate.  
Observation of fluctuation in various cities indicates that the peak for 
industrial area and normal population reaches 150% of the average daily flow and 
minimum flow may be taken as 50% of the average daily flow [16]. This results in an 
hourly peak flow of 60000 m3/day. Table 4.1 and fig 4.1 is base on the above 
assumption and illustrate the variation of flow rate during the day at Elhaj Yousif 
sewage treatment plant. Table 4.1 and have been derived from the flow pattern of fig 
4.1. 
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Table 4.1 Variation of Flow rate during the day at Elhaj Yousif sewage treatment 
plant 
Time period Average flow rate during time period
(m3/s) 
Mid-1 0.43 
1-2 0.37 
2-3 0.325 
3-4 0.28 
4-5 0.25 
5-6 0.235 
6-7 0.245 
7-8 0.3 
8-9 0.44 
9-10 0.59 
10-11 0.675 
11-N 0.695 
N-1 0.665 
1-2 0.61 
2-3 0.56 
3-4 0.53 
4-5 0.515 
5-6 0.515 
6-7 0.535 
7-8 0.57 
8-9 0.57 
9-10 0.55 
10-11 0.515 
11-Mid 0.475 
average 0.447 
 
4.2.2 Wastewater Characteristics: The new treatment plant is treating both 
domestic and industrial wastes. At present the influent is from the industrial area, in 
the future domestic wastewater will be added to the industrial wastewater. The 
collected data from an interview with Isam Gasim, head of operation and maintenance 
unit in Khartoum Water & Services Co., shows that average BOD is equal to 1500 
mg/l, COD equal to 3292 mg/l, and TSS equal to 716.4 mg/l for industrial wastewater.  
On the other hand it has been assumed that BOD, COD, and TSS equal to 300 mg/l, 
430 mg/l, and 210 mg/l respectively for domestic wastewater [11] because there is no 
available information about domestic wastewater. Wastewater enter equally from 
industrial and domestic area to the treatment plant, therefore, the expected average of  
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BOD, COD, and TSS equal to 900 mg/l, 1975.2 mg/l and 463.2 mg/l respectively. Fig 
4.2 & table 4.2 show the variation of BOD, COD, and TSS through the year [6]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.1 Hourly variation of flow at Elhaj Yousif sewage treatment plant 
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Table 4.2 Variation of BOD, COD, and TSS at Elhaj Yousif sewage treatment plant 
 BOD (mg/l) COD (mg/l) TSS (mg/l) 
JAN 2200 5600 1180 
FEB 1900 3600 1150 
MAR 1750 1900 300 
APR 1600 3800 600 
MAY 1400 3100 550 
JUN 2575 5000 900 
JUL 812.5 3900 820 
AUG 1150 2000 900 
SEP 1100 3700 920 
ACT 833.3 1500 360 
NOV 925 1400 350 
DEC 1750 4000 566.6 
Average monthly 1499.65 3291.61 716.38 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.2 Variation of BOD, COD, & TSS at Elhaj Yousif sewage treatment 
plant 
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4.3 Design of Modified Treatment Plant Facilities:  
This section approach to design physical facilities that is recommended to be 
added to existing treatment plant, and to redesign the existing facilities to improve the 
overall treatment plant performance as well as sludge treatment. 
4.3.1 Coarse Screen Design: 
The following discussion will consider the design of new and existed Coarse 
Screens. 
4.3.1.1 New Coarse Screen Design: 
Qpeak = 60000 m3/d 
Where Qpeak: peak flow rate 
Take bar thickness = 1 cm                                    [11] 
Free space between bars = 50 mm                        [11] 
Velocity in the canal = 0.5 m/s                             [11] 
Slope from vertical = 300                                                        [11] 
Shape factor for circular bar = 1.79                       
Projected area of screen: 
A = Qpeak/V 
Where A: projected area of screen  
            V: velocity in canal 
A = 60000/ (24 x 60 x 60 x 0.5) = 1.39 m2  
A = BxD 
Where B: canal width 
           D: canal depth 
Assume    B = 2D 
A = 2D x D  
1.39 = 2D2 
D = 0.83 m 
 48
Take D = 0.9 m 
         B = 1.8 m  
V = Qpeak / A = 60000 / (24 x 60 x 60 x 1.62) = 0.43 m/s      
Within limits [11] 
Head loss: 
 h = β (b/w) 4/3(V2sinΘ/2g) 
Where h: head loss  
           β: shape factor 
           w: free space between bars 
           b: bar thickness 
          Θ: slope from vertical 
h = 1.79 (1/5)4/3 (432sin30/2 x 981) = 0.1 cm ≤ 15 cm 
Within range    [11]   
No. of bars: 
No. of bars = (B/W) +1 
                   = 1.8x100/5 + 1 = 37 bars 
The actual width = B + 37(b) = 1.8 + 37 x 0.01 = 2.17 m 
The actual area = 2.17x0.9 = 1.953 m2 
 Actual area for inclination: 
Aactual = A/cos30 = 1.62/0.866 = 1.871 m2  
Fig 4.3 illustrate Course Screen detail 
 
 
 
 
 
Fig 4.3 Coarse Screen detail 
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4.3.1.2 Existing Course Screen: According to the existing coarse screen and 
to the American design (old) the screen is based on peak flow rate 68000 m3/d [9]. 
Therefore the existing coarse screen can be used specially that the approaching 
channel and Screen are in good condition.  
4.3.2 Aerated Grit Chamber Design: 
4.3.2.1 New Aerated Grit Chamber Design:  
Qpeak = 60000 m3/d 
Retention time = 3 min                                             [11] 
Width-depth ratio = 1.5:1                                          [11] 
Air supply per unit of length = 0.35 m3/m.min         [11] 
Grit quantity = 0.015 m3/102m3                                 [11] 
Grit chamber volume: 
Use two grit chamber 
V = QpeakT 
Where   V: volume 
              T: retention time  
V = 30000 x 3/ (24 x 60) = 62.5 m3 
Take the depth of 3 m 
Width = 4.3 m 
V = L x W x d 
Where L: length 
           W: width 
           d: depth 
L = V/ (W x d) = 62.5/ (4.5x3) = 4.63 
Take L = 5 m 
Check for retention time:  
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T = V/ Qpeak = 5 x 4.5 x 3 x 24 x 60/30000 = 3.24 min 
Within range      [11] 
Air supply or required = 0.35 x 5 = 1.75 
Total air required = 1.75 x 2 = 3.5 m3/min 
Quantity of grit: 
Grit volume = Qpeak x girt quantity 
                    = 30000x0.015/1000 = 0.45 m3/d 
4.3.2.2 Existing Aerated Grit Chamber: The existed aerated grit chamber 
can be used only from structure and dimension view because it has been designed on 
peak flow rate equal to 68000 m3/d [9]. But from mechanical and electrical view it 
needs some rehabilitation such as air blower, internal piping….etc.  
Retention time for the existing Aerated Grit Chamber = 4.5 m, length = 7m, 
average depth = 3.5 m [9]. Fig 4.4 illustrates the existing Aerated Grit chamber. 
Retention time for the existing Aerated Grit Chamber = 7 x 4 x 5.5 x 24 x 60/60000 
                                                                          = 3.7 min      within range [11] 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.4 Existing aerated grit chamber 
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 51
4.3.3 Primary Sedimentation Tank Design:  
Average flow rate (Qav) = 40000 m3/d 
Peak flow rate (Qpeak) = 60000 m3/d 
Required surface area: 
A = Qav/SOR 
Where   A: area 
         SOR: surface over flow rate  
Take SOR = 40000 m3/m2.d                      [11] 
 Provide 2 tanks  
(Qav/2) = 40000/2 = 20000 m3/d  
A = 20000/40 = 500 m2  
Tank diameter (D): 
D = √ (4A/π) =√ (4x500/ π) = 25.23 m  
Take   D = 25 m  
A = 490.87 m2  
SOR = 20000/490.87 = 40.74 m3/m2.d 
Within the range       [11] 
Take detention time (T) = 2 hr                  [11] 
Vol = (Qav/2) T 
Where Vol: tank volume  
Vol = 20000x2/24 = 1666.67 m3 
Tank depth (h): 
h = Vol /A = 1666.67/490.87 = 3.39 m 
h = 3.4 m   within range              [11] 
Take bottom slope = 1/12 
Take dimension D = 25 m, h = 3.4 m 
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Determination of detention time and surface overflow rate at peak flow rate: 
SOR = (Qpeak/2) /A = 30000/490.87 = 61.12 m3/m2.d 
Within range               [11] 
T = Vol/ (Qpeak /2) = 1666.67 x 24/30000 = 1.3 hr 
Determination of the scour velocity:  
Assume values: cohesion constant (k) = 0.025 
                          Specific gravity (s) = 1.25 
                          Acceleration due to gravity (g) = 9.81 m/sec2 
                          Diameter of particle d= 100µm 
                          Darcy-weisback friction losses factor (f) = 0.025 
VH = (8k (1−s) gd/f) 1/2 
Where VH scour velocity  
VH = (8 x 0.05 x 0.25 x 9.81 x 100 x 10-6/0.025)1/2 = 0.063m/s 
Determination of the horizontal velocity at peak flow: 
V = (Qpeak/2)/Ax = 30000/ (25 x 3.4 x 24 x3600) = 0.004 m/s 
The horizontal velocity volume, even at peak flow, is less than the scour 
velocity; therefore settled matter should not be resuspended. 
Efficient design and operated primary sedimentation tank should remove from 
50-20 % of S.S and from 25-40 % of BOD.          [11] 
The following equation is for rectangular shape but we assume it for circle 
shape. TSSremoval and BODremaval = t / (a+bt)   
Where a, b constant 
            t: retention time 
BODremoval = 2/ (0.018 + 0.02 x 2) = 35 % 
 Where a = 0.018                    [11] 
             b = 0.02                     [11] 
TSSremoval = 2/ (0.0075 + 0.014 x 2) = 56 % 
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Where a = 0.0075                   [11] 
            b = 0.014                    [11] 
For design purpose take TSSremoval as 50%  
With regard to the existing primary sedimentation tank there are two primary 
sedimentation tank designed with average flow rate 22700 m3/d and peak flow rate 
34000 m3/d [9] which they are below than required. Therefore additional tank will be 
required to accommodate the future needs. Existing tank dimension as follows: 
h = 2.4 m, D = 19.8 m 
A = πD2/4 = π (19.8)2/4 = 307.91 m2 
Vol = 2.4x307.91 = 739 m3 
Check for detention and surface overflow rate for average flow rate:  
SOR = (Qav/2)/A = 20000/307.91 = 64.95 m3/m2.d 
More than required                 [11] 
T = Vol/ (Qav /2) = 739 x 24/20000 = 0.84 hr less than required   [11] 
It recommended adding 2 primary sedimentation tanks by the same dimension. 
SOR = (Qav /4)/A = 10000/307.91 = 32.48 m3/m2.d  
T = Vol/(Qav /4) = 739 x 24/ 1000 = 1.8 hr     Within range   [11] 
Check for peak flow rate: 
SOR = (Qav /4)/A 
SOR = 1500/ 307.91 = 48.72 m3/m2.d            Within range       [11] 
t = Vol/ (Qpeak/4) = 739 x 24/1500 = 1.2 hr       acceptable 
Check for horizontal velocity:  
Velocity = (Qpeak/4)/Ax = 1500/ (2.4 x 19.8 x 24 x 3600) = 0.004 m/s < scour 
velocity = 0.063 m/s 
No settled solid will be resuspended. 
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3.3.4 Equalization Unit Design: 
Variations and amplitude of flow rate during the day vary from treatment plant 
to another depending on the size of the community served. To design the equalization 
unit it has been assumed as discussed previously in wastewater flow rate a common 
flow rate pattern. This pattern is illustrated by fig 4.1  
To determine the required volume for flow rate equalization the inflow 
volume diagram in which the cumulative in flow volume is plotted versus the time of 
day. The average daily flow rate also plotted on the same diagram is the straight line 
drawn from the origin to the end point of the diagram. As two lines parallel to the 
coordinate axis, defined by the average daily flow rate, is drawn tangent to the mass 
in flow curve. The required volume is then equal to the vertical distance from the 
above point of tangency to below point of tangency. The cumulative of flow volume 
in the basin and the required volume are calculated and illustrated by table 4.3 and fig 
4.6 and by using table 4.1. 
To predict the BOD damping it required pilot plant studies which are not 
available, therefore it is assumed the equalization unit does not affect the BOD 
loading. In addition, from past experience it was found that the BOD variation and 
amplitude between high and low BOD decreases. 
 
 
influent Sludge withdrawal
Sludge scraping
Machine
effluent19.500 m
2.400 m
        Fig 4.5 Existing primary sedimentation tank 
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Table 4.3 Hourly Variations in domestic & industrial wastewater flow rate and flow 
volume cumulative at Elhaj Yousif sewage treatment plant 
 
Time 
period 
Average flow rate 
during time period       
(m3/day) 
Hourly volume of 
flow at end of time 
(m3) 
Cumulative volume of 
flow at end of time      
(m3) 
Mid-1 0.43 1548 1548 
1-2 0.37 1332 2880 
2-3 0.325 1170 4050 
3-4 0.28 1008 5058 
4-5 0.25 900 5958 
5-6 0.235 846 6804 
6-7 0.245 882 7686 
7-8 0.3 1080 8766 
8-9 0.44 1584 10350 
9-10 0.59 2124 12474 
10-11 0.675 2430 14904 
11-N 0.695 2502 17406 
N-1 0.665 2394 19800 
1-2 0.61 2196 21996 
2-3 0.56 2016 24012 
3-4 0.53 1908 25920 
4-5 0.515 1854 27774 
5-6 0.515 1854 29628 
6-7 0.535 1926 31554 
7-8 0.57 2052 33606 
8-9 0.57 2052 35658 
9-10 0.55 1980 37638 
10-11 0.515 1854 39492 
11-Mid 0.475 1710 41202 
average 0.447   
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Fig 4.6 Cumulative flow volume at the Equalization unit 
 
From fig 4.6 the total required volume equal to 5000 m3 but the volume will be 
increased by 10% for practical reason. Therefore the actual volume equal to 5500 m3 
To determine the dimension of the equalization unit the following notation 
used: 
A: total basin area  
 a: min level basin area  
Aeff: effective basin volume 
L: basin length  
d: total depth  
d0: min water level depth  
W: basin width  
2500
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 120
5000
7500
12500
15000
17500
20000
22500
25000
27500
30000
32500
35000
37500
40000
42500
Midnight Midnight
Time
of dayNoon
C
um
ul
at
iv
e 
vo
lu
m
e 
m
3
Required equalization volume = 5000 m3
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Z: side slope  
V: effective volume 
A = d (W + Zd) 
a = do (W + Zd) 
Aeff = A-a 
 V = Aeff L 
Take length L = 60 m, d = 5 m, do = 2 m, Z = 3 
Aeff = 5500/60 = 91.67 m2 
Aeff = W (d − do) + Z (d2 − do2) 
W = (Aeff  − Z (d2 − do2))/ (d − do) = (91.67−3(25−4))/ (5−3) = 9.6 m 
W = 9.6 m 
Take free board = 1 m 
 
 
 
 
 
 
 
 
It is noted that multiple inlet and outlet must be used. The principal factors from 
design standpoint are discussed in the previous chapter. 
4.3.5 Activated Sludge Design:  
The conventional activated sludge process consist of Aeration basin to mix the 
waste and biological active sludge, and secondary settling basin to separate the active 
biological sludge from its associated treatment liquor. Therefore the two basin design 
will be present in the following sections. 
Fig 4.7 Section through flow equalization unit 
10 m15 m 15 m
2 m
5 m
1 m Max surface area
floating Aerator
Min. required
operating level
concrete scour pad
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4.3.5.1 Aeration Basin Design: The configuration of the Aerated basin and 
the aeration system used indicate that the process can be complete mix process or 
extended aeration process. So the researcher will design both processes.  
As discussed earlier the wastewater BOD = 900 mg/l and TSS = 463.2 mg/l. 
with reference to fig 2.2 in chapter 2 the following can be assumed: 
The preliminary removal for BOD and TSS = 5 %, 20 % respectively     [11], 
[8] 
The primary sedimentation tank removal for BOD and TSS = 35 %, 50 % 
respectively       [8], [11]. 
BOD entering the biological treatment = 555.75 mg/l   
TSS entering the biological treatment = 185.28 mg/l  
The following notation used for design purpose: 
Se: BOD effluent 
Si: BOD influent 
Sr: BOD removal 
Qav: average flow rate 
Qr: recycled flow rate  
V: aeration basin volume 
K: reaction rate constant 
a: fraction of BOD synthesized to sludge 
a`: fraction of BOD oxidized 
b, b`: endogenous respiration constant 
MLSS (Xa), MLVSS (Xv): mixed liquor suspended solid & volatile suspended 
solids 
Xv: recycled sludge 
Xu: suspended solids in recycled sludge  
(Xv)e: VSS in effluent 
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F/M: food removed/Microorganism ratio 
f`: biodegradable fraction of MLVSS 
f: non-biodegradable fraction of VSS in influent 
Θ: Temperature correction factor 
HRT: hydraulic retention time 
SRT: sludge retention time  
∆Xv: sludge produced per day 
N: required nitrogen  
Ni: nitrogen at inlet 
P: required phosphorus 
Pi: phosphorus at inlet 
O2: oxygen demand  
STE: standard transfer efficiency  
α: ratio of O2 transferred in wastewater to that in fresh water 
β: ratio of saturation concentration in wastewater to that in fresh water 
OTE: operating transfer efficiency 
Cs: saturation concentration  
CL: min D.O concentration in aeration basin 
I: specific weight of air  
Ra: oxygen quantity for 1 m3 for wastewater 
n: no. of blowers 
Wa: weight of air per second supplied per blower  
Pb: power for blower 
R: gas constant  
P1: absolute pressure in inlet for blower 
P2: absolute pressure in outlet for blower 
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T1: absolute temperature of air entering the blower 
η: efficiency 
ή: constant 
Si = 555.75 mg/l 
Se = 30 mg/l 
TSS = 185.25 mg/l 
Qav/2= 20000  m3/day 
K20 = 0.0012                    [11] 
Θ = 1.04                           [11] 
T = 150 C 
Xa = 4000 mg/l                  [11] 
Xv = 0.8 Xa = 3200 mg/l       [8] 
F/M = 0.6                           [11] 
Xu = 10000 mg/l                [11] 
Half the flow is domestic wastewater which originally contain P, N 
N = 85/2 = 42.5 mg/l           [11] 
P = 15/2 = 7.5 mg/l              [11] 
a` = 0.52                                [3] 
a = 0.73                                 [3] 
b` = 0.15 d-1                          [3] 
b = 0.075 d-1                                      [3] 
f` = 0.53                                [3] 
f = 0.4                                   [3] 
(Xv)e = 20 mg/l                     [11] 
VSS = 75 % TSS = 138.96 mg/l    [11] 
α = 0.9 
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β = 0.9 
STE = 10 % 
Cs for T = 350 = 6.93 mg/l 
I = 1 kgf/m3 
ή = 0.283 
η = 80 %  
The design is according to Eckenfelder method 
Readjusting for 150 C 
KT = K20 Θ (T-20) 
     = 0.0012(1.04) (15-20) = 0.001 L/mg.h 
Calculation of hydraulics retention time: 
t = 24 Si/ (Xv (F/M)) = 24 x 555.75/ (3200 x 0.6) = 7 hr  
More than required    [8] 
Check retention time to see whether it is sufficient through the equals: 
Se = Si e (-K Xv t)  
30 = 555.75 e (-0.001x3200xt) 
0.054 = e (-316.8 t)  
t = 0.9 hr 
Hydraulics retention time is sufficient 
Calculation of volume of aeration basin 
V = (Qav/2) t/ 24 = 20000 x 7 /24 = 5833.33 m3  
Design check: 
Organic loading = Si (Qav/2)/V = (555.75 x 20000 x 10-3) /5833.33 = 1.92 
kgBOD/m3.d 
Within range     [8] 
Calculation of oxygen requirement: 
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O2 = a` Sr (Qav/2) (10-3) + b` Xv V (10-3) 
O2 = 0.52x(555.75−30)20000 (10-3)+0.15 (3200)(5833.33)(10-3) =8267.8  kg/d 
Check the oxygen provided for each kg BODremoved 
Kg O2/kg BODremoved = O2/ (Qav/2) Sr (10-3) ≤ 1.25 
Kg O2/kg BODremoved = 8267.8/ (20000x 555.75-30) (10-3) = 0.75 < 1.25 
Take the value 1.25 and recalculate O2 required from equation 
O2 = 1.25 (Qav/2) Sr (10-3) 
O2 = 1.25 x 20000 x (555.75−30) (10-3) = 13143.75 kg O2/d 
Design bubble aerator assuming summer temperature at 350C  
Calculation of operating transfer efficiency (OTE): 
OTE = STE ((Cs βP − CL) / 9.17) α (1.02) T-20 
 OTE = 0.1 ((6.93 x 0.9 x 1−2) / 9.17 0.9 (1.02) 35-20 = 0.056 
Calculation of air required for each m3 of wastewater: 
Ra = O2/ (OTE V (0.21) I) = 13143.75/ (0.056 x 5833.33 x 0.21 x1) 
                                           = 191.6 m3of air/m3 of wastewater 
Calculation of air weight required for blower: 
Kg air/ sec = (Kg O2/ d)/ (OTE (0.21) (86400)) = 13143.75/ (0.056 x 0.21 x 
86400)  
                                                                            = 12.94 kg/sec 
Take 3 blower, 2 operating and third standby. For 24 hr operating 
Air for each blower: 
Wa = (kg air/ sec)/ n = 12.94/2 = 6.47 kg/sec 
Calculation of power for each blower: 
Pb = Wa R T/ 29.7 ή η ((P2/ P1) 0.283 −1) 
T = 273 + 35 = 313 
P1 = 1 bar 
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P2 = 1bar + water pressure + pressure losses between blower and the remotest 
nozzle 
Assume pressure losses = 10 % of (1 bar + water pressure) 
Water pressure for depth 5.05 m = 0.5 bar 
P2 = 1 + 0.5 + 0.15 = 1.65 bar  
Pb = (6.47 x 8.314 x 313) x ((1.65/1) −1) / (29.7 x 0.283 x 0.8) = 381.23 Kw 
Calculation of daily sludge production: 
∆Xv = (a Sr (Qav/2) − b XvV+ (Qav/2) VSS f+ (Qav/2) (SS−VSS)) 10-3 
∆Xv = (0.73(555.75−30)20000 − 0.075(3200)5833.33 + 20000(138.96)0.4 + 
20000(185.28−138.96)) 10-3 
∆Xv = 8314.03 kg/d 
Check produced sludge (solids) as function of BOD removed: 
(Kg solids/ d)/ (kg BODremoved/d) = ∆Xv/ ((Qav/2) Sr10-3) ≤ 0.5-0.7 
∆Xv/ ((Qav/2) Sr10-3) = 8314.03/ (20000(555.75−30) 10-3) = 0.79 > 0.7 
Check of nutrient (P, N): 
N = 0.123 ∆Xv< (Qav/2) Ni 10-3 
(Qav/2) Ni 10-3 = 20000 x 42.5 x 10-3 = 850 kg/d 
0.123 ∆Xv = 0.123 (8314.03) = 1022.62 > 850 
We have to add N 
P = 0.026 ∆Xv < (Qav/2) Pi 10-3  
(Qav/2) Pi 10-3 = 20000 x 7.5 x 10-3 = 150 kg/d 
0.026 ∆Xv = 0.026 x 8314.03 = 216.17 kg/d > 150 kg/d 
We have to add P  
Calculation of recycled ratio: 
Qr/ (Qav/2) = Xa/ (Xu−Xa)  
 Xa/ (Xu−Xa) = 4000/ (10000-4000) = 0.67 
Qr = 0.67 (20000) = 13333.33 m3/d  
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Calculation of solids (sludge) retention time: 
SRT = V Xa 10-3/ Xv = 5833.33 x 4000/8314.03 = 2806.5 day 
Within range       [8] 
Calculation of total BODeff: 
BODeff = Se + 0.84 (Xv)e f` 
BODeff = 30 + 0.84(20) (0.53) = 38.9 
BODeff = 39 mg/l 
As shown above the system requires addition of P, N. to overcome this 
problem it is recommended to add 2/3 of the wastewater entering the treatment plant 
from residential area because domestic waste contain sufficient nutrient for bacteria 
growth. The remaining wastewater flow rate will be from the industrial area. This 
recommendation is reinforced by that the industrial activities are limited to its actual 
flow of 13000 m3/d that is 1/3 the design wastewater. Moreover there is no indication 
of expansion of the existing industrial activity. Hence, BOD, and TSS value will be as 
follow: 
Industrial BOD = 1500 mg/l               [6]                
Domestic BOD = 300 mg/l                 [11] 
BOD entering the treatment plant = 1/3(1500) + 2/3(300) = 700 mg/l  
Industrial TSS = 714.4 mg/l                [6]                
Domestic TSS = 210 mg/l                   [11] 
TSS entering the treatment plant = 1/3(716.4) + 2/3(210) = 378.8 mg/l 
Preliminary removal for BOD & TSS = 5 %, 20 % respectively   [8] 
Primary sedimentation tank removal for BOD & TSS = 35%, 50% 
respectively 
Si = 432.25 mg/l 
TSS = 151.52 mg/l 
VSS = 113.64 mg/l 
N = 85 x 2/3 = 56.67 mg/l 
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P = 15 x 1/3 = 10 mg/l 
In the following table a summary of the design of activated sludge for 
complete mix and extended aeration. 
Table 4.4 Design summary for complete mix and extended aeration processes 
               
Design parameter Complete mix Extended aeration
(Qav/2)         (m3/d) 20000 20000 
Si                 (mg/l) 432.25 432.25 
TSS             (mg/l) 151.52 151.52 
Xa                (mg/l) 4000 4500 
Xv                        (mg/l) 3200 2700 
F/M              (mg/l) 0.6 0.15 
t                   (hr) 5.4 25.62 
V                 (m3) 4500 21345.67 
BODloading    (kgBOD/m3.d) 1.92 < 2 0.4   satisfactory 
O2               (kg/d) 10806.25 11863 
Ra  (m3of air/m3 of wastewater) 204.2 47.26 
Wa            (kg/sec.blower) 5.32 5.84 
Pb                (Kw) 313.49 344 
∆Xv             (kg/d) 5988.45 3217.07 
(Kg solids/ d)/ (kg BODremoved/d) 0.7         satisfactory 0.4 unsatisfactory 
0.123 ∆Xv   (kg/d) 736.58   satisfactory 395.7 satisfactory 
0.026 ∆Xv   (kg/d) 155.7     satisfactory 83.64 satisfactory 
Qr                (m3/d) 13333.3 16363.63 
SRT             (day) 3* 30    satisfactory 
BODeff         (mg/l) 39 39 
 
* SRT = 3 below the required           [8] 
According to the original design and the fact on the ground, the dimension of 
the existed trapezoidal Aeration basin as follows [7]: 
Length = 69 m 
Width = 56 m  
Depth = 5 m  
Side slope = 1:1.5 
Volume = 21674.63 m3 
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The air blower characteristics as follows: 
Inlet pressure = 1 bar 
Pressure different = 0.56 bar 
Flow at in let = 88.4 m3/min = 1.47 m3/sec    [7] 
Air density = 1.23 kg/m3                      [11] 
From the flow at inlet and the air density the flow at inlet =  
1.47 x 1.23 = 1.8 kg/sec 
Flow at inlet per blower = 1.8 kg/sec < 5.84 kg/sec 
Total required air kg O2/sec = 11.68 kg/sec 
Required no. of blower in addition to the existed blower = 11.68/1.8 = 6.5  
                                                                                         = 7 blower + 1 standby 
The total required no. of blower for the entire plant = 14 + 2 standby 
 When we compare between the existed volume and design volume as shown 
previously, we notice that the existed aeration basin is acting such as extended 
aeration process. But when we compare between the requited air for extended aeration 
per blower and the actual supported air by the existed blower, there is a difference. 
Hence, for an efficiently activated sludge performance, 5 additional blowers must be 
Fig 4.8 Section through existing aeration 
basin 
5.00 m
2.00 m
2.00 m
54.00 m 5.25 m5.25 m
-0.15
4.00 m
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added to accommodate this situation or 10 additional blowers for the entire treatment 
plant. 
4.3.5.2 Secondary Settling Basin Design: 
(Qav/2) = 20000 m3/d 
MLSS = 4500 mg/l 
Surface over flow rate = (8-15 m3/m2.d)         [8] 
Solid loading = 100 kg/day.m2                       [8] 
Area based on solid loading:  
A = (Qav/2) x MLSS/ Solid loading = 20000 x 4500/ (103 x 100) = 900 m2 
The existed secondary settling basin dimension as follows [7]: 
Length = 20 m 
Width = 66.5 m  
Depth = 5 m  
Surface area = 20x66.5 = 1330 m2 > 900 m2     satisfactory 
SOR = ((Qav/2)/ surface area) = 20000/1330 = 15.04 m3/m2.d 
SOR is within range       [8] 
Therefore the existing Secondary Settling Basin is accommodating to the new 
situation. Fig 4.9 depicts a section through the existing Secondary Settling Basin. 
 
 
 
 
 
 
 
 
 
Fig 4.9 Section through existing secondary settling basin 
5.00 m
4.00 m4.50 m
6.30 m
66.50 m
1.20 m
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4.3.6 Rapid Sand Filter Design: 
4.3.6.1 Filter Description: Type of filter that is used for filtration is 
conventional down flow filter operate as semi continuous. The type of bed is dual 
type consist of Sand, and Anthracite. The filter medium is generally support on a layer 
of coarse gravel. The characteristics of the medium as follows: 
Anthracite:  
Depth = 560 mm                 [10] 
Effective size = 1.3 mm       [10] 
Uniformity coefficient should be less than 1.5      [10] 
Sand: 
Depth = 360 mm                  [10] 
Effective size = 0.6 mm       [10] 
Uniformity coefficient should be less than 1.5      [10] 
It is preferred to distribute the size from larger to smaller particle. This allows 
the suspended particle reach greater depth within the filter bed.                        
Filtration rate is 5 m3/m2.hr    [17] 
(Qav/2) = 20000 m3/d 
Filtration rate = 24 x 5 = 120 m3/m2.day  
Total area = (Qav/2) /filtration rate = 20000/120 = 166.67 m2 
Rapid filter no. = 1/4 √ (Qav/2)               
No. of filter = 1/4 √ (20000/24) = 7.2                
No. of filter = 8 
Surface area of filter = A/ no. of filter = 166.67/8 = 20.8 m2 
Within limits                [17] 
Width/Length =1/2      [17] 
Length = 2 Width 
(Length) (Width) = 20.8 m2       
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 2(Width) 2 = 20.8 m2          
Width = 3.2 m 
Length = 6.5 m 
4.3.6.2 Filter Flow Rate Control: The filter operates at constant rate filtration 
with variable head. The flow through the filter is maintained at constant rate. Pumps 
are used for influent control. Whenever the head reach 2.5 m the filter start 
backwashing [17]. Fig 4. 10 illustrates this operation.  
 
 
 
 
 
 
 
 
 
 
 
4.3.6.3 Filter backwash system: Backwashing time is between 3 and 10 min usually 
5 min [17]. Rate of backwashing equal to 48 m3/m2.hr [11]. 
4.3.6.4 Under drain system: As stated previously for conventional water 
backwashing filter it is commonly practical to place the filter medium on a support 
consist of several layers of graded gravel. Depth of gravel equal to 48 cm [10]. The 
used under drain system is lateral pipes with orifice and it is design as follow: 
The following notations are used:  
As: total area of orifice  
a: area of orifice 
a0: total area of orifice per lateral 
Fig 4.10 Filter operation with variable head loss  
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Al: area of lateral 
An: area of header  
N: no of lateral 
n: no. of orifice  
Vl: velocity in lateral 
Vh: velocity in header  
do: diameter of orifice  
D: diameter of header  
dl: diameter of lateral  
S: spacing between lateral  
L: lateral length 
l: header length 
Q: flow rate in header  
q: flow rate in lateral  
Backwashing velocity = 48 m3/m2.hr 
                                    = 0.0133 m3/m2.sec  
Filter area = 3.2 x 6.5 = 20.8 m2 
Q = 20.8 x 0.0133 = 0.277 m3/sec 
Take S = 0.25 m           [17] 
N = l/S + 1 = 6.5/ 0.25 + 1 = 27 
Total no. of lateral = 27 x 2 = 54 
q = Q/N = 0.277/54 = 0.00513 m3/sec 
Take Vl = 3.05 m/sec           [2] 
q = VlAl 
Al = 0.00513/3.05 = 1.68 x 10-3 m2 = 1682 mm2 
DL = √ (4AL/π) = √ (4 x 1682/π) = 46 mm 
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L ≤ 60 dL                            [2]  
60(46) = 2760 mm = 2.7 m 
Take L = 1.5 m  
Orifices design: 
Take do = 6 mm  
a = πd2o/4 = 28.27 mm2 
AL = 2a0                              [2] 
a0 = AL/2 = 1682/2 = 841 mm2 
n = 841/28.27 = 29.8 
n = 30 
Check total area of orifice should be 0.2 to 0.3 % of filter area [2] 
Total area of orifice = 54 a0 = 54 x 841 = 45414 mm2 
Area of filter = 20.8 m2 
Total area of orifice/area of filter =(45414 x 10-6 /20.8) x 100 = 0.2 % 
Take 2 holes in one point 
S = L/ (n−1) = 1.5/ (15−1) = 0.1  
Within range        [2] 
Header design: 
Take Vh = 2.44 m/sec      [2] 
Q = 0.277 m3/sec 
Q = Vh Ah 
Ah = 0.277/2.44 0.114 m2 
D = √ (4An/π) = √ (4 x 0.114/π) = 0.38 m 
D = 380 mm 
Fig 4.11 illustrate the designed rapid sand filter 
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Fig 4.11 Rapid sand filter configuration 
 
3.3.7 Chlorination System Design: 
The following data are applied 
(Qav/2) = 20000 m3/d 
Contact time = 30 min                        [11] 
Take chlorine dosage = 8 mg/l           [11] 
3.3.7.1 Chlorinator Capacity: 
Cl2 (kg/d) = Q (Chlorine dosage) 
Cl2 (kg/d) = 20000 x 8/1000 = 160 kg/d 
Use 908 kg containers 
No. of container per month = 160 x 30/908 = 5.2 
no. of container per month = 6 containers  
Use 12 containers for disinfection of the entire treatment plant  
3.20
6.50
A
Detail (A)
CONCRETE
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27 lateral with Dia 4.6 cm
and orific dia = 6mm
Header with Dia
38 cm
(b) Section A-A
0.85
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This data can be used as a guide in sizing chlorination equipment. Thereby it 
is preferred to determine the dosage of chlorine required by conducting onsite testing. 
4.3.7.2 Contact Basin Design: 
Take: W = 1.5 m 
           D = 3 m  
Where W: width 
            D: depth  
Use 2 Contact Basin for half flow rate 
Dispersion through the channel should be less than 0.015 because Chlorine 
Contact Basin is classified as having low dispersion [11]. 
Length determination: 
L = QT/W 
T: contact time 
L: length 
L = 20000 x 30/ (1.5 x 3 x 2 x 1440) = 46.3 m 
Velocity determination (v): 
v = (Qav/4) /A  
v = 1000/ (1.5 x 3 x 3600 x 24) = 0.026 m/sec 
Dispersion no. determination (Dn): 
Determination of dispersion coefficient: 
D = 1.01 ν (NR)                            [11] 
D: dispersion coefficient 
ν: viscosity  
(NR): Renold no. 
(NR) = 4vR/ν 
R: hydraulic radius 
R = Wd/ (W + 2d) = 1.5 x 3/ (1.5 + 2 x 3) = 0.6 
ν = 0.893 x 10-6                               [11] 
(NR) = 4 x 0.026 x 0.6/ (0.893 x 10-6) = 69876 
D = 1.01 x 0.893 x 10-6 x (69876)0.875 = 0.0156 
Dn = Dt/L2 = 0.0156 x 30 x 60/ (46.3)2 = 0.013 
The proposed design is accepted. 
To improve the hydraulics performance of Chlorine Contact Basin it is 
recommended to use submerged baffles, deflection guide vane or combination of the 
two. 
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Whenever using Chlorine for the disinfection of wastewater the principal 
parameter that can be measured are the number of organism and the chlorine residual 
remaining after a specified period of time. As stated by WHO and as shown in table 
2.2 in chapter 2 the no. of organism can be decided based on the irrigated type of 
crops. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.12 Chlorine contact basin  
 
4.3.7.3 Dosage Control: Dosage can be controlled by pacing the chlorine flow 
rate to the wastewater flow rate as measured by a primary meter such as Parshall 
flume. The flow rate can be placed before the inlet or after the outlet of the Chlorine 
Contact Basin. Final determination of the success of a Chlorine Contact Basin must be 
based on sample taken and analyzed to correlate Chlorine residual and the MPN of 
Coliform or other indicate organism.  
4.3.8 Anaerobic Digester Design: 
The served population as stated earlier equal to 200000 people. The source of 
sludge is from primary sludge. The total suspended solids equal to 90 g/day/capita [8]. 
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The settleable solids or expected total fresh solids in sludge from the mixed sludge per 
capita per day = 54 g (60%) in which volatile = 38 g, and nonvolatile = 16 g. 
Volume of mixed undigested primary settling tank: 
% of the volatile matter in raw sludge = 38/54 x 100 = 70.4 % 
% of the fixed matter in sludge = 16/54 x 100 = 29.6 % 
Specific gravity of dry solids in mixed raw sludge: 
WS/SS= Wf/Sf + WV/SV 
Where      WS: weight of solids 
                 SS: specific gravity of solids 
                 Wf: weight of fixed solids 
                  Sf: specific gravity of mineral solids = 2.5 
                 WV: weight of volatile matter 
                  SV: specific gravity of volatile matter = 1 
Hence, 100/ SS = 70.4/1 + 29.6/2.5 
SS = 1.216 
Specific gravity of wet sludge: 
Percentage solids as 4 %      [8] 
100/SSL= 96/1 + 4/1.216 
SSL = 1.0077 
Volume of mixed sludge: 
VSL = WS/ (ρwPS SSL) 
Where     VSL: sludge volume  
                WS: weight of dry solids (kg) 
                SSL: specific gravity of sludge 
                PS: percent solids expressed as a decimal 
                ρw: density of water   (103 kg/m3)  
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VSL= 54 x 200000 x 10-3/ (1000 x 1.0077 x 0.04) = 268 m3/day 
It is assumed that 2/3 of volatile matter is destroyed during digestion and 1/4of 
the digested matter is converted to nonvolatile residual sludge. Therefore the total 
digested solids per capita per day = 35 g in which volatile = 13 g and nonvolatile = 22 
g.  [8]  
Volume of digested primary sludge: 
% of volatile matter in digested sludge = 13/35 x 100 = 37.14 % 
% of nonvolatile matter in digested sludge = 22/35 x 100 = 62.86 % 
Specific gravity of dry solids: 
100/Sd/ = 37.14/1 + 62.86/2.5 
Sd/ = 1.606 
% solids digested sludge as 7 %            [8] 
Specific gravity of wet digested sludge: 
100/SSL/ = 93/1 + 7/1.606 
SSL/ = 1.027 
Volume of digested sludge is 
VSL/ = 35 x 200000 x 10-3/ (1000 x 1.027 x 0.07) = 97.37 m3/day 
Average working temperature = 350 C, digestion period = 24 days 
Also assume 60 days storage. 
Volume of digester: 
V = (Vf – 2/3(Vf-Vd)) T1 + VdT2         [8] 
Where  V: volume of digester 
            Vf: volume of fresh sludge added per day 
            Vd: volume of digested sludge withdrawn per day 
             T1: digestion time in days 
             T2: sludge storage in days 
V = (268 −2/3(268 − 97.37)) 24 + 97.37 x 60 = 12274.11 m3 
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Per capita capacity = 12274.11/200000 = 0.06 m3/capita 
Below the range     (0.08− 0.15 m3/capita)     [8] 
Loading factor: 
Total solids loading = 38 x 200000 x10-3 = 7600 kg/day 
Loading factor = 7600/12274.11 = 0.62 kg/day/m3 
Within the range           [8] 
Assume the average gas production = 0.9 m3/kg of volatile matter destroyed 
and the destroyed volatile matter during digestion = 25 gm/capita    [8] 
Total volatile matter destroyed = (25 x 10-3) x 200000 = 5000 kg 
Gas produced = 0.9 x 5000 = 4500 m3  
It is recommended that in order to avoid foaming, the optimum diameter or 
depth is calculated such that twice the average rate of gas production, the value of 9 
m3/m2 of tank area is not exceeded [8]. 
Area of digester = 2 x 4500/9 = 1000 m2  
Depth of digester=12274.11/1000 = 12.27 m               
The depth ≤ 9 m     [8] 
With regard to the existed Anaerobic Digester, there are 4 Anaerobic Digester 
with 19.5m diameter and 9.5 m depth. The existed Anaerobic Digester needs to be 
covered and need to be arranged for the collection of CH4 gas for energy purpose  
Anaerobic Digester volumes = π (19.5)2 x 9.5/ 4 = 2837.15 m3 
Required volume = 12274.11 m3  
No. of required Anaerobic Digester = 12274.11/2837.15 = 4.3 
No. of required Anaerobic Digester = 4 
Therefore the existed Aerobic Digester will accommodate the future needs 
only if the Aerobic Digesters are covered with a roof and converted to Anaerobic 
Digesters. This conversion has the advantage of collecting the CH4 gas to be used for 
energy. Fig 4.13 shows section through the Anaerobic Digester while fig 4.14 
illustrates the existing Aerobic Digester. 
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Fig 4.13 Section through Anaerobic Digester 
 
 
 
 
 
 
 
 
 
Fig 4.14 Existing aerobic digesters 
 
4.3.9 Drying Beds Design: 
Served population = 200000 capita  
Assume: 
Average total solids = 90 g/day/capita      [8] 
Suspended solids removal by primary sedimentation tank = 60 % 
Digested Sludge
Active Digesting Zone
9.500m
Dia 19.500 m
To Drying beds
Raw sludge
Supernatant withdrawl
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Supernatant
mixing Divice
Pressure vaccum relief
Gas collector
Scum
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Volatile content of raw sludge = 70 %  
2/3 of volatile matter is destroyed during digestion 
Digested matter converted to nonvolatile residual sludge = 25 % of destroyed 
matter 
Solid content of digested sludge 10 %              [15] 
Depth of sludge applied to beds = 20 cm          [8] 
Depth of graded gravel = 25 cm with 3.6 mm size at 8 cm top layer of gravel  
Depth of clean sand = 25 cm with effective size of 0.5-0.75 and uniformity 
coefficient < 0.4 
Number of beds application = 35 
Specific gravity = 1.023 
Solids removed as fresh sludge = 0.6 x 90 = 54 g/day /capita 
Volatile content of fresh sludge = 0.7 x 54 = 38 g/day /capita 
Nonvolatile content of fresh sludge = 16 g/day /capita 
Volatile solids in digested sludge = 1/3 x 38 = 13 g/day /capita 
Nonvolatile solids in digested sludge = 16 + 1/4 x 2/3 x 38 = 22 g/day /capita 
Total solids in digested sludge = 22 + 13 = 35 g/day /capita 
Daily solids = 200000 x 35 x 10-3 = 7000 kg/day 
Volume of sludge: 
VSL = WS/ (ρw SSL PS) 
VSL = 7000/ (1000 x 1.025 x 0.1) = 68.29 m3/day 
Assume 2 month of rainy season in a year, number of cycle per year = 10 
cycle per year 
 Area of Drying Beds = 68.29 x 365/ (35 x 0.2 x 10) = 356.08 m2 
Take 8 m wide and 45 m long 
Area/ dry beds = 8 x 45 = 360 > 365.08 m2      satisfactory 
Provide 8 m wide and 45 m long  
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4.4 Plant Hydraulics: 
After the process flow diagram has been selected and the size of the 
corresponding physical facilities is determined, hydraulics computation are made to 
compute the head loss through the plant to ensure that the hydraulics gradient is 
adequate for the wastewater to flow through the treatment facilities by gravity. In the 
subsequent sections the hydraulics computation or head loss from pump station to the 
treatment plant is considered.  
4.4.1 Head Loss From the Pump Station to the Treatment Plant: There are 
two pipes 18", 16" conveying wastewater from pump station to the old screen of the 
treatment plant. Each pipe consist of old Asbestos with length = 7067 m. The pump 
station should pump about 1/3 of peak flow rate that the treatment plant is designed 
for as recommended in the previous section. The pumped wastewater is coming from 
the industrial area. Another pump station should pump about 2/3 of peak flow rate and 
it is coming from resident area. This pump station is under construction till writing 
this research. The pump station contain 3 pump, 2 is operating and 1 as standby. 
Qpump = 1/3Qp 
 Where  Qpump: flow rate from pumps station 
              Qp: peak flow rate used for treatment plant design 
Qpump = 1/3 x 60000 = 20000 m3/day 
Qpump = 0.232 m3/sec 
Fig 4.15 Sludge drying bed cross section 
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The distribution of flow rate between the two pipes as follows: 
Q1/Q2 = √ ((D15/L1)/ (D25/L2)) 
L1 = L2 
Q1/ Q2 = √ (D15/ D25) 
Q1+ Q2 = Qpump 
Where  L1 = length of pipe 16"  
             L2 = length of pipe 18"  
             D1 = diameter of pipe 16" = 0.4064 m 
             D2 = diameter of pipe 18" = 0.4572 m 
             Q1 = flow rate in pipe 16" 
             Q2 = flow rate in pipe 18" 
Q1/Q2 = √ (0.40645/ 0.45725) = 0.745 
Q1 = 0.745Q2  
Q1+ Q2 = 0.232 
From above equations 
Q1 = 0.099 m3/sec 
Q2 = 0.133 m3/sec 
4.4.1.1 Determination of the characteristic curve for pump operating in 
parallel: In order to judge on the pump efficiency or on the pipe system, the 
characteristics curve for pump must be defined. The characteristics curve for pumps 
consists of the system curve and combined parallel pump head curve. Both these 
curves are defined in the following steps. 
System curve: 
To draw the system curve, the characteristic of the pump must be present as 
shown on table 4.5      . 
The system curve is determined as shows below: 
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Major losses: 
hf = 8fLQ2/ (D5gπ2)            (Darcy Wiesback equation) 
where   hf: major losses 
             f: friction factor 
             Q: flow rate 
             D: diameter of pipe 
             L: pipe length  
 
Table 4.5 Pump characteristics 
 
       
 
                                                 
  
  
 
   
 
 
Minor losses: 
Minor losses due to pump station and another fitting through the pipe line: 
hm1 = 15 V2/2g = 120Q2/ (gπ2D4) 
There are approximately 5 bend with 900 angle 
hm2 = K (V2/2g) 
Where     K =0.4        
hm2 = 16Q2/ (g π2 D4) 
Total minor losses: 
hm = hm1+ hm2 = 120Q2/ (gπ2D4) + 16Q2/ (g π2 D4) = 136Q2/ (g π2 D4) 
Ht = hf + hm + Hs 
Where: 
Ht = total head losses 
Pump head 
H (m) 
Pump Discharge 
Q (m3/sec) 
60.67
52.36 
44.75 
40.79 
35.08 
30.59 
25.03 
0.2x10-3 
0.0506 
0.1006 
0.1498 
0.2104 
0.2523 
0.2969 
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Hs = static head 
Major losses for pipe 16": 
Asbestos: 
Q = 0.0506 m3/sec 
D = 0.4064 m  
L = 7067 m 
Roughness factor = K/D = 0.007 
ν = 0.893x10-6                  [11] 
Re = 4Q/ (πDν) = 4 x 0.0506/ (π x 0.4064 x 0.893 x 10-6) = 1.8 x 105 
From Moody diagram 
f = 0.034 
hfa = 8 x 0.034 x 7067 x 0.05062/(0.40645 x 9.81 x π2) = 4.59 m 
Minor losses for pipe 16": 
hm = 136Q2/(g π2D4) = 136 x 0.05062/(9.81 x π2 x 0.40644) = 0.13 m  
Static consist of 13 m from pump station to the ground level and 4 m from G.L 
to the old Screen in the treatment plant. It should also be taken the difference in the 
level between the pump station and the treatment plant but there is no available 
information. So it is assumed that the difference between level = 4 m.  
Hs= 13 + 4 + 4 = 21 m 
Ht = 4.59 + 0.13 + 21 = 25.72 m 
Table 4.6 shown the final calculation for the system characteristics for pipe 16 
Table 4.6 System characteristics for pipe 16" 
Q (m3/sec) Re fa hfa hm Ht (m) 
0.2x10-3 701.67    21 
0.0506 1.8x105 0.034 4.59 0.13 25.72 
0.1006 3.5x105 0.034 18.12 0.52 39.65 
0.1498 5.3x105 0.034 40.19 1.16 62.34 
0.2104 7.4x105 0.034 79.28 2.28 102.56 
0.2523 8.9x105 0.034 114 3.28 138.28 
0.2969 10.4x105 0.034 157.87 4.54 183.14 
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By the same procedure table 4.7 shows the system characteristics for pipe 18" (0.4572 
m) 
 
 
Table 4.7 System characteristics for pipe 18" 
 
Q (m3/sec) Re fa hfa hm Ht (m) 
0.2x10-3 625.7    21 
0.0506 1.6x105 0.034 2.55 0.08 23.63 
0.1006 3.1x105 0.034 10.06 0.33 31.38 
0.1498 4.7x105 0.034 22.3 0.72 44.02 
0.2104 6.6x105 0.034 44 1.42 66.42 
0.2523 7.9x105 0.034 63.26 2.05 86.31 
0.2969 9.3x105 0.034 87.6 2.83 111.44 
 
Combined parallel pump head curve: 
It is assumed that the head across each pump is the same. Thus, at any 
arbitrary head the individual pump discharges are added as shown in table 4.8 
Thereby from table 4.6, table 4.7, and table 4.8 we can plot head vs. discharge 
as shown in fig 4.16. 
Table 4.8 Parallel Pump Characteristics 
Pump head  H  (m) Pump discharge (m3/sec) Parallel pump discharge     
(m3/sec) 
60.67 0.2x10-3 0.2x10-3 
52.36 0.0506 0.1012 
44.75 0.1006 0.2012 
40.79 0.1498 0.2996 
35.08 0.2104 0.4208 
30.59 0.2523 0.5046 
25.03 0.2969 0.5938 
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Fig 4.16 Discharge and head loss relationship 
 
From system characteristics and combined pump head curve as plotted in fig 4.16 the 
researcher can define the flow rate and the related head for the pump for each pipe. 
For pipe 16" 
Q = 0.126 m3/sec 
H = 49.6 m 
For pipe 18" 
Q = 0.158 m3/sec 
H = 47.2 m 
4.4.1.2 Head losses due to actual flow: To evaluate the pipe system, the head 
losses due actual flow must be calculate. Thus we can compare between the actual 
flow and the system head. Table 4.9 illustrates friction losses for actual flow for pipe 
16" and pipe 18". 
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Table 4.9 Head Losses for actual flow 
 
D 
(in) 
Q 
(m3/sec) 
L 
(m) 
hfa 
(m) 
hm 
(m) 
Hs 
(m) 
Hactual 
(m) 
Ht 
(m) 
16 0.099 7067 17.55 0.51 21 39.06 49.6 
18 0.133 7067 17.58 0.57 21 39.15 47.2 
 
As shown in table 4.9 the actual head loss is less than the total head loss for 
system. Therefore there will be no any problem for the flow of 20000 m3/day to reach 
the old preliminary treatment plant. 
4.4.2 Head losses through the treatment plant: Generally the headwork 
(Screen, Aerated Grit Chamber, and Sedimentation Tank) are approximately 4 m 
above the ground level. Therefore the wastewater flow enters the equalization unit by 
gravity. But pumping is required after the equalization unit to force the flow to enter 
the new treatment plant. Pumping is also required for the wastewater flow and 
backwash of Filters. Final pumping of wastewater flow for irrigation is also required. 
Otherwise no pumping is required through the treatment plant. 
 
4.5 Plant Layout: 
Plant layout refer to the spatial arrangement of the physical facilities required 
to achieve a given treatment object. The overall plant layout includes location of 
control and administrative building and any other necessary structures. Among the 
factors that must be considered when laying out a treatment plant layout are the 
following: geometry of the available treatment plant layout site; topography; soil and 
foundation condition; types of processes involved; and provision for future plant 
expansion, include additional area. Fig 4.17 illustrate general layout for the new 
treatment plant and the new proposed physical facilities. While physical layout of 
Elhaj Yousif Sewage Treatment Plant is shown in fig 4.18. 
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Fig 4.17 General layout for the existing & proposed physical facilities 
Digester
tank
Digester
tank
Digester
tank
Digester
tank
Drying beds
sedimentaion
tank
4
Aerated
grit chamber
Screen
Raw wastewater
To disposal
Fine Screen
15
165
17
Equalization
basin
proposed new physical facilities
waste sludge
wastewater flow
14
Belt filter press
sludge
storage
Mixing Basin
rapid sand
filter
chlorine
contact basin
Mixing Basin
Aeration Basin
Clarifier
Polishing Basin
Biofilter
To irrigation
pump
station
Aerator chain
8 6
9
10
7
11
12
13
1
2
3
sedimentaion
tank
sedimentaion
tank
sedimentaion
tank
 88
 
 
 
                                                              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.18 Layout of Elhaj Yousif treatment plant 
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Fig 4.19 Arial View for Elhaj Yousif Treatment 
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   Fig 4.17.1 Raw wastewater inlet                                    Fig 4.17.2 Screen 
 
 
 
 
 
       Fig 4.17.3 Screened wastewater                        Fig 4.17.4 Sedimentation tank  
 
 
 
 
 
                                                         Fig 4.17.5 Fine screen 
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           (a) Fine screen inlet                                          (b) Fine screen outlet 
                
 
 
 
 Fig 4.17.6 Mixing basin                              Fig 4.17.7 Returned sludge channel
            
 
 
 
 
Fig 4.17.8 Wastewater inlet to mixing basin           Fig 4.17.9 Aeration basin 
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Fig 4.17.10 Air inlet to aeration basin                 Fig 4.17.11 Secondary settling basin 
 
 
 
 
    
    Fig 4.17.12 Polishing basin                             Fig 4.17.13 Biological filtration 
 
 
 
 
 
Fig 4.17.14 Sludge storage and mixing                  Fig 4.17.15 Polymer feeding device 
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                                        Fig 4.17.16 Belt filter press 
 
 
 
 
 
 
                                 
                        Fig 4.17.17 Raw wastewater inlet to the fine screen      
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Wastewater collected from municipalities and communities must ultimately be 
returned to receiving water or to the land after all toxic compounds that might hurt the 
environment are removed. In order to achieve this goal, the treatment plant must be 
analyzed and designed based on several logical assumptions, local event consideration 
and engineering judgment based on past experience.  
The influent BOD and TSS of industrial area entering Elhaj Yousif treatment 
plant are 1500 and 716.4 mg/l, while the plant’s effluent should be 20 mg/l for BOD 
and 30 mg/l for TSS, as assigned by the Environmental Health law, Sudan, 1975. To 
attain these values and insure that the treatment plant is proper and efficient, several 
reasonable assumptions and practical issues must be considered.  
The discussion will be started by the anticipated wastewater characteristics, 
flow rates and its source since they are the base of any treatment plant design and 
analysis. As stated previously, the new treatment plant design is based on a flow rate 
of 40000 m3/d and influent BOD of 300 mg/l, although the actual BOD value equal to 
1500 mg/l. Therefore it is recommended to blend the flow by a ratio of 2/3 domestic 
with 1/3 industrial waste. The domestic waste contains sufficient nutrients, such as 
phosphorus and nitrogen compounds, for the bacteria to perform expeditiously into 
removing organic matter from the wastewater. The existing pump station and the old 
sewers that convey the industrial wastewater from the pump station to the treatment 
plant should also be taken in consideration. Increasing the industrial wastewater 
means either to increase the pump capacity or repair the sewer system to avoid the 
excessive friction losses. In addition to that, blending domestic with industrial waste 
reduces the high organic load from the industrial wastewater; this recommendation is 
supported by reality. Flow rate generated from industrial sources equal 13000 m3/d, as 
monitored by Khartoum water and Services Company, with no sign of expansion in 
the industrial area in the future. Hence, the wastewater arriving from the industrial 
sources will be constant at the present and future and most of the wastewater will 
arrive from domestic areas.  
As the wastewater is pumped from the pump station to the treatment plant, 
there are two options for it to enter. Either through the old system, which consists of 
coarse screen, aerated grit chamber and two sedimentation tanks then to the new 
plant; or to enter immediately to the new treatment plant which consist of fine screen, 
mixing basin, activated sludge, polishing tank and bio-filters. From the engineering 
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point of view, it is preferred to use the old system instead of using the fine screen. The 
justification of using the old facilities is based on the removal efficiency of BOD and 
TSS. BOD removal of the old system is more than 35% while TSS removal exceeds 
50%. With regard to fine screen, which are used as a replacement of sedimentation 
tanks, with removal efficiency equal to 25% for BOD and 35% for TSS [11]. 
Furthermore, the old system has the capability of removing the floating and inorganic 
materials without clogging the system, while fine screens can be clogged particularly 
in Sudan. In addition to the previous, coarse screens and aerated grit chamber design 
is based on 68000 m3/d as a peak flow rate, which accommodates future needs. But 
the use of the old treatment facilities is conditioned by the immediate repair of the 
electrical and mechanical components of the aerated grit chamber and the addition of 
two more sedimentation tanks to inhibit large amounts of solids from escaping.  
As Fig. 2.2 depicts the flow diagram of the treatment plant, the equalization 
basin is placed after the primary treatment and before the biological treatment for two 
reasons: 
1. There is no available area ahead of the sedimentation tank in contrast; there 
is a large area after it. 
2. Fewer problems caused by solids deposits and scum accumulation. 
Basically flow equalization unit is used to overcome operational problems 
caused by flow rate variation and to upgrade the overloaded treatment plant. Both 
problems are present in Elhaj Yousif treatment plant which necessitates the 
introduction of equalization basin.  
It is obvious that the equalization unit affect the BOD mass loading rate. 
However, the equalization unit mission is to uniform the flow rate for the subsequent 
processes and the prediction of BOD damping requires pilot plant studies; therefore, 
no BOD damping is assumed.  
The flow, regulated by the equalization tank unit, enters the biological process 
which is the most vital process in the treatment. As stated previously, the mixing of 
the domestic and industrial wastewater would guarantee sufficient nutrients for the 
microorganisms to act efficiently, hence the reduction of BOD and TSS to 800 and 
337.6 mg/l respectively.  
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The configuration of the aeration basin and the aeration system of the new 
treatment plant indicates that the process can be complete or extended aeration. But as 
stated by Eckenfelder and O'Connor, in case of high BOD waste (BOD>500 mg/l) the 
process operates as extended aeration. This hypothesis is reinforced by calculations in 
Chapter 3.  
Though the volume of the aeration basin and the secondary settling can 
conforms BOD removal future needs, yet there is an air requirement lack for the 
microorganisms. Thereby, to compensate this lack it is necessary to add more air 
blowers.  
The expected effluent, from the activated sludge may contain 40 mg/l BOD 
and 30 mg/l SS [8]. Fortunately, the high temperature in Sudan enhances the removal 
efficiency of BOD, so it is expected to be less than 40 mg/l.  
After the wastewater leaves the biological treatment, it is supposed to be 
filtered, but it enters to a so called polishing basin supported by aeration nozzles. This 
polishing basin may serve as a further treatment to the wastewater. However, the 
presence or absence of this unit was considered to be the same. The effluent TSS from 
the activated sludge can be up to 30 mg/l [11]. These remaining flocs can shield 
microorganism from the subsequent disinfection process. As a consequence, and for 
effective disinfection process, filtration process is a prerequisite unit. The design of 
filter in the new treatment plant is bio-filter or natural treatment filter. No doubt that 
the bio-filter is better than the physical filter or rapid sand filter due to natural system 
take advantage over physical, chemical and biological process, which occurs when 
water, plants, microorganism and the atmosphere interact. The effectiveness of natural 
filtration system depends on: 
1. The type of emerged vegetation used should grow well in Sudan's 
environment; have high nutrient intake capacity, low sensitivity to 
wastewater constituents and marginal requirement.  
2. The vegetation should provide a surface for the attachment of bacterial 
film, aid the filtration and adsorption of wastewater and oxygen transfer 
into the water column.  
3. Vector control, where as the natural treatment system provides an ideal 
breeding habitat for mosquitoes. The issue of vector control may be a 
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critical factor in determining the feasibility of using natural treatment 
system.  
Unless the factors are applied to the natural treatment system, it is preferred to 
use physical filtration. After the wastewater is filtration, either through natural or 
physical filtration, the expected effluent may contain 30 mg/l BOD and 10 mg/l SS 
[8].  
The filtrated effluent should be disinfected in order to be used for irrigation as 
stated by the WHO. Disinfection is mostly accomplished by the use of chemical 
agent, physical agent, mechanical agent and radiation. Of these the most available 
type in large quantities and reasonable prices in Sudan are the chemical agents. 
Within the chemical agents, the most ideal disinfectant is chlorine and its derivatives, 
since it satisfy most of the requirements of disinfection such as solubility, stability, 
availability…etc. When using chlorine for disinfection of wastewater the principal 
parameter to be measured, apart from environmental variables such as pH and 
temperature, is the number of organisms after a specified contact period of time. With 
regards to residual, if the chlorine residue is less than 1 mg/l it does not affect plant 
foliage, but chlorine residue in access of 5 mg/l can cause severe plant damage and 
consequently the effluent needs to be dechlorinated.  
Dechlorination may be accomplished by reacting the residual chlorine with a 
reducing agent such as sulfur dioxide. Sulfur dioxide (SO2) is available commercially 
as a liquid gas under pressure in steel containers with variable capacities. In practice, 
it has been found that about 1.0 to 1.2 mg/l sulfur dioxide is required for the 
dechlorination of 1.0 mg/l of chlorine residue.  
Sludge treatment is a very important issue in wastewater treatment plants, 
because it composed largely of substances responsible for offensive characters of 
untreated wastewater. There are two sources of sludge in Elhaj Yousif treatment plant. 
The first is the activated sludge which is conditioned by polymer, dewatered by belt 
filter process then disposed off as planned. The second source is the primary 
sedimentation tank, which sludge contains a large amount of organic matter and nasty 
odors. Anaerobic digester is required to stabilize the solids and bio-solids to eliminate 
pathogen and purification. It is obvious that the existing tanks represent aerobic 
digesters, but due to energy shortage in Sudan, it is recommended to alternate these 
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digesters into anaerobic digesters by adding mechanical mixing and covering roof. 
This will help in obtaining sufficient methane gas to meet most of the energy needs 
for the plant operation. After sludge is stabilized, its moisture content needs to be 
reduced; drying beds can be used for this purpose. Low humidity, high temperature, 
low cost, large available area and infrequent attention requirement are all factors that 
encourages using drying beds methods.  
After drying, the solids are removed and disposed either in land fill or used as 
soil conditioner. Special attention and concern with regards to insect breeding and 
potential odor generation should be paid. 
Because of the catastrophic consequence to environment, health and industrial 
development – in case of inefficient performance – Elhaj Yousif treatment plant must 
be urgently rehabilitated and enabled to operate efficiently.  
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6.1 Conclusion: 
1. The new Elhaj Yousif treatment plant which consist of fine screen, mixing 
basin, aeration basin, secondary basin, polishing basin, and biofilter basin is designed 
based on BOD of 200-530 mg/l and TSS of 300 mg/l and flow rate of 40000 m3/d, 
while the actual BOD and TSS influent to the treatment plant equals 1500 mg/l and 
716.4 mg/l respectively. Therefore the new treatment plant will be overloaded and the 
final effluent quality will not reach the expected quality suitable for irrigation unless 
urgent upgrading and maintenance introduced. 
2. One of the options to upgrade the new treatment plant is to put the old 
headwork treatment system into action in order to reduce the high BOD and TSS. The 
old headwork treatment system consists of approach channel, bar screen, aerated grit 
chamber, and clarifiers. 
3. The dimension of the above mentioned components can accommodate 
future needs except for the clarifiers, and the reinforced concrete of the old headwork 
is also in good condition, but they need some mechanical and electrical rehabilitation. 
4. As a consequence of high BOD the activated sludge which is the most vital 
process in the new treatment plant can be affected. Fortunately the aeration basin 
volume is sufficiently enough for the microorganism to remove the BOD , but 
unfortunately there will be a lack of required air for the microorganism. 
5. Wastewater effluent ought to be reuse for agriculture irrigation after it enter 
throughout filter operation and disinfectant process and then pumped to irrigation 
scheme. But unfortunately the planned natural filtration system, the chlorine facilities 
and the pump station at the treatment plant have not been constructed and installed. In 
addition the site of irrigation scheme have neither identified nor assigned by the 
authorities. 
6. The treatment of sludge is also an important matter as well as the treatment 
of raw wastewater. The new treatment plant produce sludge from the activated sludge 
and the old headwork treatment system produce sludge from the clarifiers. The sludge 
that produced by the activated sludge is conditioned by polymers and dewatered by 
belt filter processes. While the sludge that produced by the clarifiers must be 
stabilized by the existing digesters and dewatered by drying beds. Neither the new 
treatment plant nor the old one contains drying beds. 
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6.2 Recommendations:        
After extensive work, research and site visit to Elhaj Yousif treatment plant in 
addition to the revision of the relevant documentation and drawings; the researcher 
recommends the following: 
1. The industrial wastewater that arrives to the treatment plant should be 
diluted; whereas 2/3 of the flow should be domestic waste and 1/3 of it industrial 
waste. In other words, the industrial wastewater flow should not exceed 13000 m3/d 
while domestic wastewater should be 27000 m3/d.  
2. Rehabilitation of the existing aerated grit chamber. The components that 
have to be repaired are internal piping and air nozzles, air lift pump and grit washer 
and its motor.  
3. Addition of two more sedimentation tanks to sustain the existing ones, with 
the same dimensions. The existing sedimentation tanks need some maintenance to 
operate properly such as the drive motor and scrapers.  
4. Addition of equalization basin with length of 60 m, width of 9.6 m, depth of 
5 m and earthen side slope of 1:3 after the sedimentation tank. It is necessary to 
provider mixing and aeration devices to prevent odor and solid deposit problems. 
5. Increasing the number of blowers for supplying the aeration basin with 
required air. Ten additional blowers with the same characteristics of the existing ones 
are required.  
6. Failing to provide required vegetation for the bio-filters entails the addition 
of physical filters. Provide 16 conventional filters of 3.2 m width and 6.5 m length. 
Each filter contains three mediums, 56 cm deep anthracite, 36 cm deep sand and 48 
cm gravel which serves as a support. The under drain system consists of 54 laterals 
each of 4.6 cm diameter and header of 3.8 cm diameter.  
7. Use 12 cylinders with 908 Kg (1000 kg) liquefied chlorine gas for 
disinfection. The chlorination process will be achieved at four chlorination basins 
with 3 m depth, 1.5 m width, 46.3 m length and 30 minutes contact time. It is also 
recommended to use submerged baffles to improve hydraulic performance. 
8. Construction of pump station to convey the effluents wastewater to the 
irrigation site. 
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9. The authority has to assign a fixed known site for the planned forest 
plantation (final disposal of effluent) in consultation with the forestry department. 
10. The existing digester tank should be converted to anaerobic digester tank. 
This conversion will be through adding mechanical mixing and a roof covering for 
methane gas collection. The anaerobic digester stabilizes primary sedimentation 
sludge content of offensive materials.  
11. Addition of 35 drying beds for dewatering of sludge from the primary 
sedimentation tank with 8 m width and 45 m length. The drying beds stratification is 
graded gravel and clean sand with 25 cm thickness each. The applied sludge thickness 
equals 20 cm. 
12. Pretreatment of industrial wastewater to remove toxic organic and 
inorganic compounds. Because many of these are toxic to microorganisms which are 
responsible for removal of bio-degradable organics and to modify the wastewater 
strength to match plant design.  
13. Continuous monitoring of the most common parameters, such as BOD, 
COD, TSS … etc to ensure proper performance and, in time, use these records for 
future design.  
14. Training of required operating personnel to operate the treatment plant. 
15. Assurance of continuous supply with the required electromechanical spare 
parts. 
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